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IN THE UNITED STATES ELECTED/DESIGNATED OFFICE 
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UNDER THE PATENT COOPERATION TREATY-CHAPTER II 
5 PRELIMINARY AMENDMENT 
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SERIAL NO: GROUP ART UNIT: 

FILED: EXAMINER: 
INTERNATIONAL APPLICATION NO: : PCT/DEOO/03066 
INTERNATIONAL FILING DATE 05 September 2000 

INVENTION: SYSTEM AND METHOD FOR OPTICAL INFORMATION 

TRANSMISSION 
Assistant Commissioner for Patents, 
Washington, D.C. 20231 
Sir: 

Please amend the above-identified International Application before entry 
10 into the National stage before the U.S. Patent and Trademark Office under 35 
U.S.C. §371 as follows: 
In the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 
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SPECIFICATION 
TITLE OF THE INVENTION 
SYSTEM AND METHOD FOR OPTICAL INFORMATION TRANSMISSION 
5 BACKGROUND OF THE INVENTION 

Polarization multiplexing, a system and a method for optical information 
transmission via differently polarized optical signal elements, are used to increase 
the capacity of an optical transmission system. The Proceedings of the European 
Conference on Optical Communications 1993, Montreux, Switzerland, pages 401- 
10 404, Lecture WeP9.3, F. Heismann et al., "Automatic Polarization Demultiplexer 
for Polarization-Multiplexed Transmission Systems" describe an optical 
polarization-multiplexed transmission system. A major disadvantage of this 
configuration is that a receiver-end polarization transformer is controlled such that 
the two polarization-multiplexed channels are split between the two outputs of a 
15 downstream polarization beam splitter. This is done by forming a correlation 
signal of the recovered clock with the received signal, and through maximizing this 
by adjustment of the polarization transformer. 

The procedure according to the prior art has a number of disadvantages: 
First, the correlation product disappears when averaged over time when a 
20 pure AC-voltage-coupled pseudo-sequence is applied, thus making the control 
process difficult or impossible. 

Furthermore, different bit rates had to be chosen in order to distinguish 
between the two polarization-multiplexed channels, which is not feasible in 
practice. Furthermore, significantly different optical wavelengths had to be chosen, 
25 which likewise is imacceptable in practice. 

One object of the present invention is, thus, to specify a system and an 
associated method for optical information transmission, which avoid the 
disadvantages of the prior art. 

SUMMARY OF THE INVENTION 
30 A solution to the problem is to detect any interference which occurs in the ' 

two optical, differently polarized polarization-multiplexed signals in a signal 

2 



processing module, and to use this to control a controllable polarizing element. 
This is done by conditioning this interference at the transmission end; that is to say, 
randomizing it. Corresponding spectral signal elements are minimized by a 
polarization regulator, so that crosstalk in polarization multiplexing is minimized 
5 and, at the same time, the useful signals are at least approximately maximized. All 
the disadvantages that have been mentioned with the prior art are in this way 
avoided. 

Li one exemplary embodiment of the present invention, the polarization- 
multiplexed signal is produced at the transmission end from a laser signal, which is 

10 first of all spUt between two signal paths and then, in each case, separately 
intensity-modulated. These signal paths are then combined in a polarization beam 
splitter, with orthogonal polarizations, with the frequency of the laser being 
modulated at the same time. Any delay time difference between these paths means 
that the fi-equency modulation results in differential phase modulation between the 

15 multiplexed signals. 

At the receiver end, the signal is split via a coupler between two receiver 
paths. Liput-side polarization control is carried out in each receiver path, followed 
by a polarizer for suppressing the respectively undesirable polarization-multiplexed 
channel, a conventional photoreceiver in each case having a photodiode and, 

20 finally, electrical data signal regenerators connected downstream from the 
photodiodes. Spectral signal elements are in each case detected via a filter. These 
spectral signal elements disappear only when one of the multiplexed signals is 
completely suppressed by the polarizer. This results in a simple and, at the same 
time, highly effective control criterion for setting the respective polarization 

25 transformer. Li this case, each of the regenerators receives and regenerates only 
one polarization-multiplexed channel, which corresponds to the desired receiver- 
end separation of the signals. In one embodiment, correlation is carried out, before 
reaching the filter, preferably with the time derivative of the recovered data signal 
fi-om the respective other channel. This results in a highly accurate control criterion 

30 in order to compensate for polarization mode dispersion. 
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Additional features and advantages of the present invention are described 
in, and will be apparent from, the following Detailed Description of the Invention 
and the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
5 Figure 1 shows a polarization-multiplexed transmitter with only one laser. 

Figure 2 shows a polarization-multiplexed transmitter with two lasers. 
Figure 3 shows a receiver according to the present invention. 
Figure 4 shows a separator/detector. 

Figure 5 shows a variant of a part of the receiver from Figure 3. 
1 0 Figure 6 shows a vector diagram of linear polarization states. 

Figure 7 shows an embodiment variant of a separator/ detector. 

Figure 8 shows an embodiment variant of a filter unit. 

Figure 9 shows a fiirther embodiment variant of a filter unit. 

Figure 10 shows a further receiver according to the present invention. 
15 Figure 1 1 shows a variant of a part of the receiver from Figure 10. 

Figure 12 shows a correlating element. 

Figure 13 shows one advantageous refinement of the correlating element. 
Figure 14 shows a ftirther correlating element. 

DETAILED DESCRIPTION OF THE INVENTION 

20 In a transmission arrangement as shown in Figure 1, the output signal from 

a transmission laser LA is split between two optical* waveguides, with 
approximately the same power levels, via a transmission-end power splitter PMC. 
Any optical and/or electrical amplifiers which may be required are omitted here and 
in the following figures, for the sake of clarity. The transmission-end power 

25 splitter PMC may be, for example, a polarization-maintaining fiber coupler. The 
signals obtained in this way are passed through a respective modulator MOl, M02, 
which is preferably in the form of an intensity modulator or else, for example, a 
phase modulator, and where transmission-end modulation signals SDDl and 
SDD2, respectively, are applied, thus producing optical signal elements OSl, OS2. 

30 These are modulated. OSl is a first optical signal element, and OS2 is a second 
optical signal element. These are combined, preferably with orthogonal 

4 
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polarizations, via a transmission-end polarization beam splitter PBSS. A simple 
optional directional coupler also can be used instead of the transmission-end 
polarization beam splitter PBSS. 

Polarization-maintaining optical waveguides, for example, likewise can be 
5 provided for the connections between the modulators MOl, M02 and the 
transmission-end polarization beam splitter PBSS, with one of these optical 
waveguides being twisted through 90°. As an alternative to this, a mode converter 
can be provided in one of these connections. 

In order to achieve the desired coherence between the optical signal 

10 elements, OSl, OS2 after combination, differential phase modulation DPM is 
provided between these two optical signal elements OSl, OS2, and is produced by 
a phase-difference-modulating device. First phase-difference-modulating devices 
PDMl, PDM2, PDM12, PDM21, which can be used altematively or additively, are 
angle modulators PHMOl, PHM02 for one of the optical signals, OSl, OS2, or 

15 differential angle modulators PHMOl 2, PHM021. In this case, the word 
differential refers to the angle modulation taking place between the polarized 
optical signal elements OSl, OS2, which are ideally orthogonal to one another. 
The frequency shift which may be produced in this case results in a frequency 
difference FD in the output optical waveguide. Frequency shifters, including 

20 differential frequency shifters, which are suitable for use as the first phase- 
difference-modulating devices PDMl, PDM2, PDMl 2, PDM21 may operate, in 
particular, acousto-optically, or electro-optically, and preferably with full mode 
conversion, in the case of the phase-difference-modulating devices PDMl, PDM2, 
PDMl 2, which is not used for power splitting at the same time. A transmission- 

25 end power splitter PMC also can be used as the phase-difference-modulating device 
PDM21; for example, in the form of an acusto-optical mode converter which 
operates as a frequency shifter and with half power conversion. This is followed by 
a polarization beam splitter. In a further exemplary embodiment of a polarization- 
muliplexed transmitter, the transmission laser LA has an optical frequency 

30 modulation signal FMS applied to it which is produced from a further phase- 
difference-modulating device PDMO. By way of example, sinusoidal optical 



frequency modulation FM with a frequency shift of a few hundred MHz has 
scarcely any effect on the transmission bandwidth of a 10 Gb/s transmitter. If the 
magnitude of the delay time difference I DT1-DT2I between the optical delay times 
DTI, DT2 of the optical signal elements OSl, OS2 which pass through the 
5 modulators MOl, M02 between the transmission-end power splitter PMC and the 
transmission-end polarization beam splitter PBSS is chosen not to be zero, the 
frequency modulation is converted to the desired differential phase modulation 
DPM of the optical signal elements OSl, OS2 downstream from the transmission 
end-polarization beam splitter PBSS. This has a spectrum which depends on that 

10 of the optical frequency modulation FM, 

In the simplest case, the extemal optical frequency modulation FM may 
even be dispensed with, by making use, instead of this, of the natural frequency 
fluctuations from the transmission laser LA, its line width. These frequency 
fluctuations also lead, via the magnitude of the delay time difference I DT1-DT2I 

15 between the optical delay times DTI, DT2, to differential phase modulation, DPM 
between the optical signal elements, OSl, OS2. 

Furthermore, differential phase modulation DPM is used between the 
optical signal elements OSl and OS2 even when, as an altemative to signal 1, a 
transmission arrangement as shown in Figure 2 is used, with two optical 

20 transmitters TXl, TX2. The optical transmitters TXl, TX2 transmit the 
orthogonal-polarized optical signal elements OSl, OS2, which are combined in a 
transmission-end polarization beam splitter PBSS. In this case, the optical 
transmitters TXl, TX2 interact with the transmission-end polarization beam splitter 
PBSS as a further phase-difference-modulating device PDML. The differential 

25 phase modulation DPM produced in this way is added to form a steady-state 
difference phase angle EPS, which occurs at a specific time between the optical 
signal elements. The optical transmitters TXl, TX2 are modulated with 
transmission-end modulation signals SDDl for the optical transmitter TXl and 
SDD2 for the optical transmitter TX2. 

30 The aim of the transmission arrangements shown in Figure 1 and Figure 2, 

is in each case, to randomize the interference phase angle; that is to say, for 



example, if there is a frequency difference FD between the optical signal elements 
OSl, OS2 the cosine function and the sine function of the differential phase 
modulation DPM between the optical signals OSl and OS2 always have a mean 
value of zero, so that input-side control signals LI, L2, LI 2, which are obtained in 
5 a way which will be described later, are independent of the steady-state difference 
phase angle EPS. 

Figure 2 also shows the principle of one design of a transmission system 
using polarization multiplexing. Once the optical signal elements OSl, OS2 have 
been combined by the transmission-end polarization beam splitter PBSS, the 
10 signals can be transmitted via an optical waveguide LWL to a receiver RX with an 
input EL Since the optical waveguide LWL generally does not maintain the 
polarization, this makes it difficult to separate the two optical signal elements OSl, 
OS2 once again. 

According to Figure 3, the receiver RX includes, for example, a 

15 separator/detector SD and downstream receiver electronics. 

Figure 4 shows a separator/detector SD for polarization multiplexing. The 
received optical signal elements are passed firom the input EI to a controllable 
polarizing element SUB. This contains a controllable polarization transformer PT, 
which is preferably designed to be endless, and receives at least one first output- 

20 side control signal STl, and preferably a second output-side control signal ST2, as 
well. Both the first output- side control signal STl and the second output-side 
control signal ST2 may consist of one or more signals. A fixed polarizing element 
EPBS is fitted at the output of the polarization transformer PT and may be in the 
form of a polarization beam splitter which produces first and second signal 

25 components OUTl, OUT2 at its outputs. Ideally, the signal components OUTl, 
OUT2 should be the orthogonal-polarized optical signal elements OSl and OS2, 
respectively. However, this is true only if the controllable polarization transformer 
PT is adjusted in a suitable manner. This contains a first input-side polarization 
transformer PMDC, which is designed to be suitable for PMD compensation and is 

30 referred to as a PMD compensator, and is controlled by output-side control signals 
STWl, STW2, which are designed to control it, and contains an output-side 
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polarization transformer SPT, which follows it in the propagation direction of the 
optical signals OSl, OS2 and is controlled by control signals STl, ST2, which are 
designed to control it. When, on the other hand, the controllable polarization 
transformer PT is not set optimally, crosstalk results due to the respectively 
5 undesired optical signal element OS2 or OSl. One idea of the present invention is 
to detect the interference INTl and INT2 which respectively occurs in this case in 
the two optical signal elements OSl, OS2. This interference INTl and INT2, 
respectively, occurs in these signal components, OUTl and OUT2, respectively, in 
this case by virtue of the optical field strength or the optical power. 

10 The respective signal components OUTl and OUT2 are detected in 

respective photodetectors PDll and PD21, which produce a first detected signal 
EDI and a second detected signal ED2. These, in tum, contain the respective 
interference INTl and INT2, but in this case by virtue of the photocurrents of the 
respective photodetectors PDl 1 and PD21. 

15 The input-side polarization transformer PMDC, that is to say the PMD 

compensator PMDC, may be designed, for example, as described in German Patent 
Applications 19841755.1 and 19830990.2. A version with an at least 
approximately fi^equency-independent controllable polarization transformer is 
likewise of interest, which is followed by a highly frequency-dependent, fixed 

20 polarization transformer which, for example, has only first-order polarization mode 
dispersion. The latter may be formed fi*om a piece of polarization-maintaining 
fiber with a differential group delay time between two modes. Arrangements such 
as these are known from IEEE J. Lightwave Technology, 17(1999)9, pages 1602- 
1616, and the references quoted there. The controllable polarizing element SUB, or 

25 parts of it, in particular the controllable polarization transformer PT, may be 
integrated on a substrate which is composed, for example, of lithium niobate. 
Instead of the integrated design, the input-side polarization transformer PMDC 
could be omitted, with the output-side polarization transformer SPT and the fixed 
polarizing element EPBS, which is in the form of a polarization beam splitter, 

30 being designed as described in the Proceedings of the European Conference on 
Optical Communications 1993, Montreux, Switzerland, pages 401-404, Lecture 
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WeP9.3. Embodiments according to the subject matters described in German 
Patent Applications 19858148.3 and 19919576.5 are also possible. 

The detected signals EDI, ED2 are preferably passed to digital receivers 
Dl, D2, as shown in Figure 3. These may contain decision makers and clock 
5 recovery xmits and may emit data output signals DDI, DD2 which, ideally, are 
logically identical to the transmission-ended modulation signals SDDl and SDD2, 
respectively. 

The detected signals EDI, ED2 are passed to a signal processing module 
DR. In principle, instead of this, the signal components OUTl, OUT2 leaving the 

10 controllable polarizing element SUB also can be passed directly to this signal 
processing module DR. It should then be designed to process these signal 
components OUTl, OUT2, and the photodetectors PDl 1, PD21 may be omitted. 

This signal processing module DR detects any interference INTl, INT2 
which occurs between the optical signal elements OSl, OS2, and also may contain 

15 regulators RGl, RG2. Signals EDVl, EDV2 which are in the form of detector 
signals EDI, ED2 and can be processed are processed for this purpose in the signal 
processing module DR. This emits an output-side control signal STl, ST2, which 
drives the output-side polarization transformer SPTl, SPT2. These signals EDVl, 
EDV2, which can be processed, are passed to respective filters LEDl and LED2 for 

20 this purpose. In order to keep the complexity low, it is, for example, possible to 
measure the current at that electrode of a photodiode at which the data signal is not 
tapped off. This results in the advantage that the data signals are not corrupted, and 
that the desired filtering is at least partially carried out at this stage by the 
capacitive blocking to ground produced at the other electrode of the photodiode. In 

25 this case, detected signals EDI, ED2 each include a broadband data signal on one 
line, and a low-frequency signal on another line. The former is processed further in 
the digital receiver Dl or D2, respectively, while the latter is supplied to the 
respective filter LEDl or LED2. 

As an altemative to this, the broadband data signal on one line and the low- 

30 frequency data signal on another line may each originate from two different 
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photodiodes which, together with in each case one upstream further optical beam 
sputter, form the respective photodetector PDl 1 or PD21 . 

The filters LEDl, LED2 are preferably designed as bandpass filters, with a 
low fi"equency in comparison to the symbol rate, and thus select spectral signal 
5 elements FIOl, FI02 in whose frequency bands interference INTl, INT2 between 
the optical signal elements OSl and OS2 occurs due to the specific configuration of 
the transmission apparatus, as shown in Figures 1 or 2, in the controllable 
polarizing element SUB. Li the case of optical frequency modulation FM, this is, 
in each case, the modulation frequency MO, which is not identical to the frequency 

10 modulation shift of, for example, 1 MHz, or the other modulation frequencies in the 
range from about 0.1 Hz to 1 GHz are at least, in principle, suitable. Multiples 
n*MO of the modulation frequency where n is an integer also may be evaluated on 
their own or together with it. The filters LEDl, LED2 are preferably in the form of 
bandpass filters. It is likewise possible for them to be in the form of low-pass 

15 filters, with the DC component being passed through. In the case of an a periodic 
frequency modulation signal FMS or a frequency difference FD, which fluctuates 
severely through the line widths of the optical transmitters TXl, TX2, between the 
optical signal elements OSl, OS2, the filters LEDl, LED2 preferably can pass the 
spectral maximum of the interference INTl, INT2 in the detected signals EDI, 

20 ED2. 

The selected spectral signal elements FIOl, FI02 at the outputs of the filters 
LEDl, LED2 are passed to detectors DETl and DET2, respectively, which, 
possibly after low-pass filtering in the low-pass fihers LPFl, LPF2, produce input- 
side control signals LI, L2. These detectors DETl, DET2 may be in the form of 

25 root mean square value detectors, or power detectors. By definition, in the case of 
power detectors, the second-order moment SOMDl, SOMD2 of the corresponding 
spectral signal element FIOl, FI02 is evaluated. The input-side control signal LI, 
L2 is then a linear fimction F of this second-order moment SOMDl, SOMD2. In 
the case of root means square value detectors, the input-side control signal LI, L2 

30 is a square-root fimction F of this second-order moment SOMDl, SOMD2 of this 
spectral signal element FIOl, FI02. Peak value detectors or similar devices also 



may be used, especially if the spectral signal element FIOl, FI02 is essentially at a 
signal frequency whose peak value is at least approximately a square root function 
F of the power; that is to say, of this second-order moment SOMDl, SOMD2 of 
this spectral signal element FIOl, FI02. The input-side control signals LI, L2 are 
5 passed to regulators RGl, RG2, whose output signals are used as output-side 
control signals SDl, SD2 for driving the controllable polarizing element SUB in 
the separator/detector SD; in this case, the polarization transformer PT contained in 
it. The regulators RGl, RG2 are designed such that the input-side control signals 
LI, L2 assume minimxmi magnitudes; that is to say, minimum interference ESfTl, 

10 INT2 is indicated between the optical signal elements OSl and OS2. This ensures 
optimum receiver operation. 

The signal processing module DR, according to the present invention and as 
already described, of the receiver RX in Figure 3 also can be embodied via a further 
variant of the present invention illustrated in Figure 5. This is possible in situations 

15 in which a separator/detector SD with a controllable polarizing element SUB is 
provided, which on the output side emits signal components OUTl, OUT2 which 
correspond at least approximately to orthogonal components of the signal elements 
OSl, OS2 passed to it; that is to say, for example, which has a controllable 
polarization transformer PT followed by a polarization beam splitter as a fixed 

20 polarizing element EPBS, as shown in Figure 4. Since the interference INTl, INT2 
and, if the same frequency bands are chosen, the spectral signal elements FIOl, 
FI02 as well are then always in antiphase in the two receiver paths (assuming that 
the electrical signal polarities of the receiver paths are the same) the difference 
between the first and second signals, EDVl, EDV2, which are in the form of first 

25 and second detected signals EDI, ED2, respectively, and can be processed, is 
processed respectively as further detected signals ED1-ED2 and, at the same time, 
as a further signal EDVl 2 which can be processed, in a first subtractor SUBED12 
for situations such as this, in Figure 5. This is supphed to a filter LED 12, which is 
designed in the same way as the fihers LEDl, LED2 and allows a further spectral 

30 signal element FI012 to pass. This is supphed to a detector DET12, which is 
designed in the same way as the detectors DETl, DET2 and uses the signal element 

11 
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to produce a further input-side control signal LI 2 which, for example, is identical 
to the second-order moment SOMD12 of this further spectral signal element 
FI012. This may be followed by a low-pass filter LPF12, designed in the same 
way as the low-pass filters LPFl, LPF2. A regulator RG produces output-side 
5 control signals STl and, possibly ST2. This is designed such that the input-side 
control signal LI 2 supplied to it is minimized, so that the interference INTl, INT2 
is thus also minimized. In principle, a single further filter LED12 will be sufficient 
to produce the input signal for the single detector DET12. However, since 
broadband subtractors SUBED12 are costly, it is generally better to provide filters 

10 LEDl and LED2 first of all at the inputs of a correspondingly relatively 
narrowband first subtracter SUBED12 and, possibly, a further filter LED 12 at its 
outputs which, when cascaded with the respective filter LEDl or LED2, produces 
the desired spectral form of the difference between the detected signals EDI, ED2. 

The regulators RGl, RG2, RG in Figures 3 and 5 preferably operate on the 

15 basis of a lock-in method and preferably have integral or proportional-integral 
control elements. The regulators RGl, RG2, RG also may, possibly, be omitted, so 
that one input-side control signal LI, L2, LI 2 is at the same time used as the 
output-side control signal STl, ST2. 

Both the input-side control signals LI, L2, LI 2 and the output-side controls 

20 signals STl, ST2 of the regulators RGl, RG2, RG are control signals LI, L2, L12, 
STl, ST2. 

If the optical frequency modulation FM is produced by (preferably 
sinusoidal) direct modulation of a semiconductor laser, the optical signal elements 
OSl, OS2 have not only the desired differential phase modulation DPM produced 

25 by optical frequency modulation FM and having a shift ETA (which in the 
following text is regarded as the peak shift in radians), but also imdesirable 
amplitude modulation. This is not dependent on the polarization states chosen at 
the receiver end and, thus, it is harder to set the polarizations in controllable 
polarizing elements, SUB, SUBl, SUB2; in particular, in controllable polarization 

30 transformers PT, PTl, PT2. In cases such as this, it may be worthwhile evaluating 
multiples n*OM, for example n = 2, 3, 4, of the modulation fi-equency OM. 



At least in the case of sinusoidal frequency modulation FM, the amplitudes 
of even (n = 0, 2, 4, ...) and odd (n = 1, 3, 5, ,..) multiples n*OM of the modulation 
frequency OM, detected at the receiver end, are proportional to the cosine and sine, 
respectively, of steady-state difference phase angle EPS, which is sensitively 
5 dependent on the magnitude of the delay time difference I DT1-DT2I between the 
optical delay times DTI, DT2. 

However, according to the present invention, it is possible to evaluate at 
least one even multiple of the modulation frequency OM, and at least one odd 
multiple of the modulation frequency OM, at the same time. Provided the filter or 

10 filters LEDl, LED2, LED 12 are designed in a suitable manner, the respective filter 
output power is a second-order moment SOMDl, SOMD2, SOMD12, and the 
input-side control signals LI, L2, L12 is/are thus also proportional to 
cos^2(EPS)+sin^2(EPS) = 1; that is to say, independent of the steady-state 
difference phase angle EPS. LOMn is assumed to be a power transmission factor 

15 for the multiple n*OM. In a first such example, the modulation frequency OM, 
corresponding to the Bessel line Jl, where Jn is an n-th order Bessel fiinction of the 
first kind, and twice the modulation frequency 2*OM, corresponding to the Bessel 
line J2, are passed through filters LEDl, LED2, LED 12, and the detectors DEI, 
DET2, DET12 are power detectors or root mean square value detectors. 

20 LOMl*Jl(ETAr2 is set to be LOM2*J2(ETA)'^2, and is achieved, at least 
approximately, for example, by I J1(ETA)I = I J2(ETA)| where ETA = 2.63 and 
LOMl=LOM2. 

The fiirther refinement of the principle of the present invention on which 
this embodiment is based is that the detected (or even the detectable, provided the 

25 detection process is independent of frequency) first power PEVEN or second power 
PODD, which is measured by detection of only even or only odd multiples of the 
modulation frequency OM in the input-side control signal LI, L2, L12, has a simi 
PEVEN+PODD which is independent of the steady-state difference phase angle 
EPS. It also has the same expected values. 

30 Further exemplary embodiments based on this principle are described 

below: 
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It is possible for the modulation shift ETA to be subjected to fluctuations 
over the course of time; for example, due to aging of the laser, hi order, 
nevertheless, to make it possible to keep the detection process independent of the 
difference phase angle EPS, to a first approximation, the input-side control signals 
5 LI, L2, L12 must, to a first approximation, be independent of the modulation shift 
ETA. This is achieved, for example, via filters LEDl, LED2, LED 12, which are in 
the form of bandpass filters and each pass the modulation frequency OM, twice this 
frequency 2*OM, and three times this frequency 3*OM. The power ^transmission 
factor values required to do this are at least approximately LOM1=-0.72852*LOM2 

10 and LOM3=l .6036*LOM2, and ETA is chosen to be at least approximately 3.0542. 

As mentioned above, detection using the single modulation frequency OM 
may result in problems, so that it may be better to carry out the detection process at 
2*OM, 3*OM, 4*OM instead. The power transmission function values required in 
this case are at least approximately LOM2=0.64066*LOM3 and 

15 LOM4=1.3205*LOM3 and ETA is chosen to be at least approximately 4.2011. 
Those power transmission factors which have not been mentioned, that is to say in 
the present example LOMO, LOMl, LOM5, LOM6, LOM7, ... for frequencies 0, 
OM, 5*OM, 7*OM, are in each case assumed to be at least approximately equal 
to zero. 

20 If amplitude modulation also occurs in addition to the optical frequency 

modulation FM, the required power transmission factors LOMn (n = 0, 1,2, ...) 
may differ from the values quoted above, to be precise with the difference 
increasing with the level of amplitude modulation. 

It can be difficult to design bandpass filters such as these. In a further 

25 embodiment of the present invention, a number of filters, or else individual filters 
LEDOMn, which are preferably in the form of bandpass filters, can be provided for 
frequencies n*OM, since these signals are mathematically orthogonal at the 
frequencies n*OM, so that their individual power levels can be added directly, 
without any cross-power terms. These filters LEDOMn each have a detector 

30 DETOMn cormected to them, preferably in the form of a power measurement 
device. One embodiment such as this of the elements illustrated in Figures 3 and 5, 
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namely filters LEDl, LED2, LED 12, detectors DETl, DET2, DET12 and low-pass 
filters LPFl, LPF2, LPF12, which can be combined to form filter units FEl, FE2, 
FE12, is shown in Figure 8. Here, in a corresponding way to that in the last 
exemplary embodiment, n = 2, 3, 4, but it is likewise possible to select different 
5 values of n. The filter unit FEl 2, which is implemented as an altemative in Figure 
8, also may include the subtracter unit SE in which case linear function blocks can 
be shifted or split in accordance with the commutative or distributive law. 

The splitting is carried out on filters LEDOMn where n is an integer. The 
output signals fi-om these filters LEDOMn are spectral signal elements FIOOMn 

10 where n is an integer, and are essentially composed of spectral components at the 
fi-equencies n*OM. These spectral signal elements FIOOMn, where n is an integer, 
are passed to detectors DETOMn, where n is an integer. The power transmission 
factors LOMn are each obtained by multiplication of the power transmission factor 
of a filter LEDOMn by that of a weight Gn, which is part of the associated detector 

15 DETOMn, or is downstream firom it. The weight Gn may be provided fi-om a 
potentiometer. At the latest after the weighting by the weight Gn, a second-order 
moment SOMn is obtained in each case, where n is an integer, namely the power of 
the spectral signal element FIOOMn. This second-order moment SOMn is added 
to the respective power transmission factor LOMn in an adder ADD. In this case, 

20 according to the present invention, a first power PEVEN of at least one spectral 
component where n is even, and a second power PODD of at least one spectral 
component where n is odd, are added. The desired input-side control signal LI, L2 
or LI 2 is produced at the output of the adder ADD and, possibly, after passing 
through a low-pass filter LPFl, LPF2, LPFl 2, in a corresponding way to the 

25 exemplary embodiments of filter units FEl, FE2 or FE12 in Figures 3 or 5, which, 
according to the present invention, is once again independent of the steady-state 
difference phase angle EPS and, to a first approximation, is independent of the 
modulation shift ETA, since it is a constant sum PEVEN+PODD of the first power 
PEVEN of even spectral components, and of the second power PODD of odd 

30 spectral components. 
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The input-side control signal LI, L2, LI 2 is a function F of the second- 
order moment SOMn of these spectral signal elements FIOOMn, which is linear; 
namely, the weighted sum of the individual power levels of these spectral signal 
elements FIOOMn. Detection and addition also may be interchanged, hi this case, 
5 the detectors DETOMn and possibly weights Gn in Figure 8 must be replaced by 
through-links while a detector DETl, DET2, DET12 which was not required until 
now in Figure 8 and, therefore, could be replaced by a through-link imtil now and 
which is a power or a root mean square value detector, is provided downstream 
from the adder ADD. 

10 In practice, it is advantageous for the filter units FEl, FE2, FEI2 according 

to Figure 8 or parts of Figures 3 and 5 to be provided by digital signal processing 
using a microprocessor. This microprocessor also may provide the regulators RG, 
RGl, RG, or parts of them. 

Further variations of the principle of the present invention are feasible by 

15 providing different time profiles for differential phase modulation, DPM between 
the two optical signal elements OSl, OS2. Such time profiles are preferably 
designed such that an input-side control signal LI, L2, LI 2 is as independent as 
possible of the amplitude of the differential phase modulation DPM or of optical 
frequency modulation FM, which produces the phase modulation, in a transmission 

20 laser LA. 

In practice, sinusoidal current modulation as a frequency modulation signal 
FMS for a transmission laser LA in any case results in non-sinusoidal frequency 
modulation FM and, hence, in non-sinusoidal differential phase modulation DBM 
between the optical signal elements OSl, OS2. There is thus no pure Bessel 

25 spectrum in the detected signals EDI, ED2; in particular, the modulation frequency 
OM is generally strongly represented. In order, in contrast to the situation 
described above, for there to be no need to change their higher harmonics n*OM, 
for example up to n = 4, suitable second-order moments SOMn of the spectral 
signal elements DETOMn and/or possibly mixed second-order moments SOMmn, 

30 where m, n are integers, may be defined between them. 



16 



Jt S .y '0 1& i3 ..S H." £1 Ef 



Figure 9 once again shows a filter unit FEl, FE2, FE12, to which a detected 
signal EDI, ED2, ED1-ED2 is passed. A filter LED with a downstream detector 
DET is provided, which is in the form of a microprocessor with an input-side 
analogue/digital converter. This detector DET is used to calculate the Fourier 
5 components relating to the modulation frequency OM and twice this frequency 
2*OM, as spectral signal elements FIOOMl, FIOOM2, which can be carried out as 
filtering in filters LEDOMl, LEDOM2, which are in the form bandpass filters, 
within a filter LED. Owing to the formation of the mixed second-order moment 
SOM12, the two spectral signal elements FIOOMl, FIOOM2 preferably abready 

10 have had removed from them their delay time, which results fi*om the fact that the 
formation of the Fourier coefficients does not necessarily coincide in time with the 
oscillation of the fi-equency modulation FM. If, for example, a Fourier component 
FIOOMl of the spectral signal element at the modulation frequency OM has a 
complex phase vector, then all the determined Fourier components FIOOMl, 

15 FIOOM2, ... FIOOMn are multiplied by the 1st, 2nd, .. n-th power of the complex 
conjugate of this phase vector, in accordance with the shifl rule for Fourier 
transformation. A weighted sum of the second-order moment SOMl, SOM2, 
SOM12 of these two spectral signal elements FIOOMl, FIOOM2 and of the mixed 
second-order moment is formed between these two spectral signal elements 

20 FIOOMl, FIOOM2, and is used as the input-side control signal LI, L2, L12. The 
weights used in this case are at the same time the corresponding power 
transmission factors LOMl, SOM2, LOM12 of these second-order moments 
SOMl, SOM2, SOM12. They are chosen to produce an input-side control signal 
LI, L2, L12 which is independent of the steady-state difference phase angle EPS. 

25 This can be done by inversion of a 3x3 matrix. 

If a pure Bessel spectrum is present, the power transmission factor LOMl 2 
of the mixed second-order moment SOMl 2 is chosen to be equal to zero and, as 
mentioned above, LOMl*Jl(ETA)^2 is set to be LOM2*J2(ETA)^2, as is 
achieved, at least approximately, for example, via I J1(ETA)I = I J2(ETA)| where 

30 ETA = 2.63 and LOMl = LOM2. In practice, in contrast, the distortion which 
occurs in the optical frequency modulation FM generally requires that a power 

17 
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transmission factor LOM12 other than zero be required for the mixed second-order 
moment SOM12 and this may even be negative or complex. As an extension to 
this exemplary embodiment, in addition to the spectral signal elements FIOOMl, 
FIOOM2, further spectral signal elements FIOOMn, second-order moments SOMn 
5 relating to them and all the possible mixed second-order moments SOMmn, where 
m, n are integers, may be formed between, in each case, one spectral signal element 
FIOOMm and another spectral signal element FIOOMn and, weighted with 
weights, may be added to form an input-side control signal LI, L2, L12, so that this 
results in an input-side control signal LI, L2, L12 which is independent of the 

10 steady-state difference phase angle EPS. Optical weights, which also take account 
of the signal-to-noise ratios in the individual spectral signal elements FIOOMn, can 
be determined here, for example, by linear programming using the simplex method. 
This relates, in particular, to the spectral signal element FIOOM3 at three times 
3*OM the modulation frequency OM as well as to the spectral signal element 

15 FIOOMO, which represents a DC signal and may have a constant offset, at zero 
times 0*OM the modulation frequency OM. 

In order to obtain an uncorrupted input-side control signal LI, L2, LI 2 
despite any parasitic amplitude modulation which may be present, those essentially 
constant components of the spectral signal elements FIOOMl and, possibly, 

20 FIOOM2, FIOOM3, which are caused by this amplitude modulation can be 
subtracted before further processing of these spectral signal elements FIOOMl and, 
possibly, FIOOMl, FIOOM3, ... . 

Reduced orthogonality in the received optical signal elements OSl, OS2 
can occur by non-ideal multiplexing at the transmission end, in the transmission- 

25 end polarization beam splitter PBSS, or as a result of polarization-dependent 
attenuation or amplification in the optical waveguide LWL. As shown in Figure 6 
and Figure 7, it is advantageous in cases such as these to provide a further 
controllable polarizing element SUBl, SUB2 in each case, with power splitting 
being provided via a receiver-end power splitter TE, which may be part of the 

30 further controllable polarizing elements SUBl, SUB2, or may be upstream of them. 
In Figure 7, these further controllable polarizing elements SUBl, SUB2 are further 



controllable polarization transformers PTl, PT2. These contain in each case one 
further input-side polarization transformer PMDCl, PMDC2, which is designed to 
be suitable for PMD compensation, and is referred to as PMD compensator, which 
is controlled by, in each case, at least one output-side control signal STWl, STW2, 
5 which is designed to control it, and in each case one output-side polarization 
transformer SPTl, SPT2, which is downstream from it in the propagation direction 
of the optical signals OSl, OS2 and is controlled by in each case at least one 
control signal STl, ST2, which is designed to control it. Instead of or in addition to 
these further input-side polarization transformers PMDCl, PMDC2, which are 

10 designed to be suitable for PMD compensation, it is possible, upstream of the 
receiver-end power splitter TE, to use the first input-side polarization transformer 
PMDC, which is designed to be suitable for PMD compensation. These further 
controllable polarization transformers PTl, PT2 are followed by a respective 
downstream further, first and second fixed polarizing element EPBSl, EPBS2, 

15 which may be in the form of polarization beam splitters or polarizers. The further 
controllable polarizing elements SUBl, SUB2, or parts of them, may once again be 
integrated on the substrates. The input-side polarization transformers PMDC, 
PMDCl, PMDC2 initially may not be present and may be replaced by through- 
links, so that the input EI of the separator/detector SD is connected directly to the 

20 receiver-end power splitter TE. The polarization matching processes which are 
achieved according to the present invention by the exemplary embodiment shown 
in Figure 7 are sketched in Figure 6, for linear polarization situations. The received 
optical signal elements OSl, OS2 are, in this example, not polarized orthogonally 
with respect to one another. The first signal component OUTl, which is 

25 transmitted by the first fixed polarizing element EPBSl, is, however, in this case 
orthogonal to the second optical signal element OS2, and the second signal 
component OUT2, which is transmitted by the second fixed polarizing element 
EPBS2, is in this case orthogonal to the first optical signal element OSl. In order 
to achieve the settings shown in Figure 6, it is preferable to use the refinement of 

30 the signal processing module DR shown in Figure 3. 

19 



Depending on the way in which the differential phase modulation DPM is 
produced between optical signal elements OSl and OS2, the signal processing 
module DR and, in particular, the filters LEDl, LED2, LED 12 and the detectors 
DETl, DET2, DET12 may be varied to an even greater extent. Yet, when the 
5 magnitude of the delay time difference between the optical delay times DTI, DT2 
is |dT1-DT2|, the optical jfrequency modulation FM is not used, and the 
differential phase modulation DPM is produced by natural frequency fluctuations 
of the transmission lasers LA, then the filters LEDl, LED2 LED 12 should be 
designed such that major parts of the resultant interference spectrum, which 

10 generally extends over a number of MHz, are passed through. If, as is shown in 
Figure 1, angle modulators PHMOl, PHM02 or a differential angle modulator 
PHM012 is or are used, and this or these is or are in the form of frequency shifter 
or differential frequency shifter, or if, as is shown in Figure 2, optical transmitters 
TXl, TX2 at different frequencies are used, then the filters LEDl, LED2, LED 12 

15 must be matched to the resultant difference frequency FD between the optical 
signal elements OSl and OS2. Acousto-optical and electro-optical components, for 
example, may be used as frequency shifters or differential frequency shifters. As 
an alternative to this, phase modulators or a differential phase modulator may be 
used as angle modulators PHMOl, PHM02 or as a differential angle modulator 

20 PHMOl 2, and this or these is or are driven so as to produce differential phase 
modulation DPM, which is at least partially linear as a fimction of time, and with 
the time derivative of the differential modulation phase being 2*71 times the 
frequency difference FD. These are, for example, phase modulators based on the 
Serrodyne principle, with a sawtooth phase shift. 

25 If the angle modulators PHMOl, PHM02 or the differential angle 

modulator PHMOl 2 are or is in the form of phase modulators or a differential 
phase modulator with sinusoidal differential phase modulation DPM, this in 
contrast results in a Bessel spectrum, as in the case of sinusoidal optical frequency 
modulation FM, whose detection already has been considered further above. 

30 Finally, signals which are used for checking and, possibly, for slow 

readjustment or deliberate pre-emphasis of the transmission-end polarization 

20 
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orthogonality, can be obtained by measuring the power levels of the detected 
signals EDI, ED2 or by reading the residual component, which remains despite the 
stabilization of the polarization transformer PT, of the further regulator input signal 
L12, which is obtained from the difference between the first detected signal EDI 
5 and the second detected signal ED2, This allows the transmission system to be 
optimized such that, for example, polcirization-dependent attenuation in the optical 
waveguide not only does not lead to any crosstalk, but also does not lead to any 
adverse affect on one of the optical signal elements OSl, OS2 in comparison to the 
other. 

10 In addition, for example by applying further optical frequency modulation, 

or by using natural optical fi-equency modulation contained in the spectrum of the 
transmission laser LA, for example at a fi*equency other than the modulation 
frequency OM, or by evaluation of the regulator signals, it is possible to obtain 
information which, for example, allows adaptive control of the modulation shift 

1 5 ETA or of power transmission factors LOMn. 

In an arrangement as shown in Figure 9, it is particularly advantageous to 
determine the expected values of a number of moments, or of all the moments, 
SOMl, SOM2, SOMn, SOM12, ... SOMmn that occur in the spectral signal 
elements FIOOMn where n is an integer. Specifically, this allows the modulation 

20 shift ETA to be calculated. The frequency modulation signal FMS, and hence the 
optical frequency modulation FM can be set on the transmission laser LA via a 
retum channel, so as to achieve an optimum signal-to-noise ratio for the regulator 
input signal LI, L2, LI 2 that is obtained. Slow thermal frequency modulation of a 
transmission laser A that is formed by a semiconductor is suitable, for example, as 

25 additional frequency modulation to allow the formation of these expected values. 

Overall, the previous exemplary embodiment of the present invention 
preferably relates to the adjustment of an output-side polarization transformer SPT, 
SPTl, SPT2, which cannot compensate, or can compensate only to a minor extent, 
for any polmzation mode dispersion which may occur. The following exemplary 

30 embodiments of the present invention preferably relate, in contrast, to the 
adjustment of an input-side polarization transformer PMDC, PMDCl, PMDC2, 
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which is suitable for PMD compensation. The optical complexity is minimized if 
the control signals for the PMD compensator PMDC in Figure 4 or the PMD 
compensators PMDCl and PMDC2 in Figure 7 are derived from the first and 
second detected signal EDI, ED2. This is done, for example, by simple electrical 
5 spectral analysis; attenuation of high-frequency signal components indicates 
uncompensated PMD, and can be avoided by suitable adjustment of an input-side 
polarization transformer PMDC, PMDCl, PMDC2, 

In one advantageous embodiment of the present invention, the receiver RX 
as shown in Figure 10 may have a further signal processing module DRW instead 

10 of the signal processing module DR or, preferably, in addition to it. On the input 
side, the further signal processing module receives the detected signals EDI, ED2 
which are passed to a respective first correlation input EIMEll, EIME21 of a 
correlating element MEl, ME2. The data output signal DD2, DDI, which is 
obtained from the respective other detected signals ED2, EDI, is passed to a 

15 respective second correlation input E1ME12, EIME22 of the correlating elements 
MEl, ME2. A fiirther signal EDWl, EDW2, which is in the form of a correlation 
signal and can be processed, is produced by a respective output of the correlating 
element MEl, ME2. These further signals EDWl, EDW2, which can be processed, 
are passed to further filter units FEWl, FEW2, which are designed in the same way 

20 as the above-mentioned filter units FEl, FE2, FE12, On the output side, these filter 
units FEl, FE2, FE12 emit further input-side control signals, LWl, LW2, which are 
passed to further regulators, RGWl, RGW2, which are designed in the seime way 
as the abovementioned regulators RGl, RG2. On the output side, these further 
regulators RGWl, RGW2 emit further control signals, STWl, STW2 for 

25 controlling the input-side polarization transformers PMDCl, PMDC2, PMDC. 

The further signal processing module DRW in the receiver RX in Figure 10 
may be in the form of a further variant of the present invention, as shown in Figure 
11. This is preferably possible in situations in which there is only one common 
input-side polarization transformer PMDC. Analogously to Figure 5, an additional 

30 signal EDWl 2, which is in the form of a correlation signal and can be processed, is 
produced from the further signals EDWl, EDW2, which are in the form of 

22 
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correlation signals and can be processed via a further subtracter SUBEDW. This 
signal EDW12 is passed to a further filter unit FEW 12, which may be designed in 
the same way as the filter units FEl, FE2, FE12, FEWl, FEW2. On the output 
side, this emits a further input-side control signal LW12, which is suppUed to a 
5 further regulator RDW which can be designed in the same way as the regulators 
RGl, RG2, RG, RGl, RG2 and emits the further output-side control signal STWl, 
STW2. The correlating elements MEl, ME2 and the further subtracter SUBEDW 
which is connected to its outputs can be combined to form a correlating subtraction 
vmit SEW, although this also may be designed differently. 

10 Figure 14 shows an example of a different embodiment of the correlating 

subtraction unit SEW. The detected signals EDI, ED2 are subtracted in a further 
subtracter SUBEDW 12 which, in principle, can be designed in the same way as the 
first subtracter SUBED12 but, owing to the subsequent correlation, should be 
designed to have a sufficiently broad bandwidth so that a further detected signal 

15 ED1-ED2 is produced. This is passed to a first input EIMEl of a further 
correlating an element ME 12, which can be designed in the same way as the 
correlating elements MEl, ME2. The data output signals DD2, DDI are subtracted 
in an additional subtracter SUBDD21, resulting in a further data output signal 
DD2-DD1 which preferably has three values if the data output signals DD2, DDI 

20 have two values. This further data output signals DD2-DD1 is passed to a second 
input EIME2 of the further correlating element MEl 2. At its output, the further 
correlating element ME 12 emits the additional signal EDW12 which is in the form 
of a correlation signal and can be processed. 

The design for a correlating element MEl, ME2, ME 12 is shown in Figure 

25 12. The detected signal EDI, ED2, ED1-ED2, which contains the interference 
INTl, INT2, is passed via the first correlation input EIMEl 1, EIME21, EIMEl to a 
first switching element input EISEl of a switching element SEE which is 
preferably in the form of a multiplier. Those components of the interference INTl, 
INT2 which are to be added to the polarization mode dispersion are preferably 

30 produced at the transitions of adjacent information bits in the transmission-end 
modulation signals SDDl, SDD2, to be precise with polarities which depend en the 
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direction of these transitions. Thus, in an advantageous refinement of the principle 
according to the present invention, the received and regenerated data output signal 
DD2, DDI, which is obtained from the respective other detected signal ED2, EDI, 
is first of all passed to a spectral forming element SF, via the second correlation 
5 input EIME12, EIME22. In the case of the further correlating element ME12, the 
further data output signal DD2-DD1 is passed, instead of this, to the corresponding 
second correlation input EIME2. The spectral forming element SF has a further 
subtracter SUBME, to whose two inputs the respective data output signal DD2, 
DDI, DD2-DD1 is applied directly, or after being delayed by a delay element DEL. 

10 At its output, which is also one output of the spectral forming element SF, this 
further subtractor SUBME emits a spectrally formed signal DDSF2, DDSFl, 
DDSF, which is passed to a second switching element input EISE2 of the switching 
element SEE. The spectral forming element SF in this exemplary embodiment 
forms, as the spectrally formed signal DDSF2, DDSFl, DDSF at least 

15 approximately a time derivative of the respective data output signal DD2, DDI, 
DD2-DD1; that is to say, this corresponds to high-pass filtering. The delay element 
DEL may be designed to have a fixed or a variable delay time. A suitable delay 
time is, for example, a short time, such as one bit period or less of a transmission- 
end modulation signal SDDl, SDD2, if distortion is intended to be detected via 

20 short differential delay times, or longer delay times, which are equivalent to or 
exceed one, or even a number of these bit periods, if distortion is intended to be 
detected via longer differential delay times. Since the respective data output signal 
DD2, DDI, DD2-DD1 is a digital signal, the delay element DEL likewise may 
operate in a digital maimer; in particular, preferably in binary form if the data 

25 output signal DD2, DDI is binary. For better signal forming, it may, for example, 
be in the form of a D-flipflop DFF, which is controlled by one flank of a clock 
signal CL which is supplied. A chain having a number of D-flipflops is also 
feasible in order to extend the delay time of the delay element DEL. In the case of 
a three-value data output signal DD2-DD1 on the other hand, an analog version of 

30 the delay element DEL is preferable; for example, in the form of a delay line. 
Since the data output signal DD2, DDI, DD2-DD1 which is supplied to the 
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correlating element MEl, ME2, ME 12 is obtained from the respective detected 
signal ED2, EDI, ED1-ED2, it is generally delayed only by the unavoidable delay 
time of the digital receiver or receivers D2, Dl and, since it is further delayed in the 
spectral forming element SF, in the example in Figure 12 by, on average, half the 
5 delay time of the delay element DEL, it is normally necessary to carry out a delay 
time adjustment process between the signals arriving at the first switching element 
input EISEl and the second switching element input EISE2 of the switching 
element SEE. This can be done via a further delay element DDEL, which delays 
the respective detected signal EDI, ED2, ED1-ED2 or preferably before it is passed 

10 onto the switching element SEE. The switching element SEE, and hence the 
correlating element MEl, ME2, ME 12 emits, on the output side, the signal EDWl, 
EDW2, EDWl 2, which is in the form of a correlation signal and can be processed. 

Altemative embodiments of the present invention may, in each case, have a 
number of correlating elements for the detection of each of those components of the 

15 interferences INTl, INT2 which indicates the polarization mode dispersion and/or 
may be spectral forming elements SF in the form of fixed or variable high-pass, 
bandpass or low-pass filters. 

One advantageous practical refinement of the correlating element MEl, 
ME2, which is particularly suitable when binary data output signals DD2, DDI are 

20 present, is shown in Figure 13. The power supply is provided by a supply voltage 
U+. The respective detected signal EDI, ED2 is in differential form. After passing 
through the further delay element DDEL, which, for example, includes two delay 
lines DDELl, DDEL2 of equal length, the signal is passed to two differential 
amplifiers DFl, DF2, which are connected in parallel, with opposite polarities, on 

25 the input and output sides. These differential amplifiers DFl, DF2 amplify the 
respective differential input signal, provided one of two currents II, 12, which are 
produced from preferably identical constant current sources, flows through them. 
However, a first switching transistor TTl provides a discharge path for the first 
current II when its base is supplied with a data output signal DD2, DDI (which 

30 requires a positive level for this method of operation here) which is obtained from 
the respective other detected signal ED2, EDI. A second switching transistor TT2 



provides a discharge path for the second current 12, when its base is supplied with 
this data output signal DD2, DDI, which was previously delayed in the delay 
element DEL and is obtained from the respective other detected signal ED2, EDI 
of the first and second detected signals EDI, ED2. As the difference voltage 
5 between preferably identical resistors, Rl, R2, the further signal EDWl, EDW2, 
which is in the form of a correlation signal and can be processed, is produced as the 
differential output voltage from the parallel-coimected differential amplifiers DFl, 
DF2. A capacitor C, which is fitted between the parallel-connected outputs of the 
differential amplifiers DFl, DF2, is already used as a low-pass filter which, at least 
10 partially, represents the filter LEDl, LED2. In Figure 13, the further subtracter 
SUBME, the switching element SEE and the filter LEDl, LED2 which is at least 
partially formed by the capacitor C cannot be separated from one another, which 
advantageously leads to reduced complexity, and the capability to process a higher 
data rate. 

15 The principle of the present invention can be varied by omitting the spectral 

forming element SF, by the switching element SEE being other than in the form of 
a multiplier, by it having at its second input a signal DDSF2, DDSFl, which is not 
obtained, or is obtained not only, from that data output signal DD2, DDI which is 
obtained from the respective other detected signal ED2, EDI, but, for example, is 

20 also obtained from that data output signal DDI, DD2 which is obtained from the 
detected signal EDI, ED2 supplied to the first input of the switching element, 
and/or at least one detected signal EDI, ED2. Such an example already has been 
given by the version of the correlating subtraction imit SEW illustrated in Figure 
14. 

25 The example embodiments of the present invention illustrated in Figures 10 

to 14 are based, to the extent described so far, on the data output signals DDI, DD2 
which are taken from the digital receivers Dl, D2 corresponding to the 
transmission-end modulation signals SDDl, SDD2. However, particularly if the 
input-side polarization transformers PMDC, PMDCl, PMDC2 are set incorrectly, it 

30 is possible for this not to be true; for example, because the detected signals EDI, 
ED2 do not on the one hand correspond approximately to the transmission-end 

26 
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modulation signals SDDl, SDD2, or because the detected signals EDI, ED2 both 
correspond to that transmission-end modulation signal SDDl, SDD2. In order to 
preclude situations such as this, the further regulator RGWl, RGW2, RGW can 
vary the further output-side control signals STWl, STW2 when cases such as this 
5 occiir such that the input-side polarization transformer or transformers PMDCl, 
PMDC2, PMDC is or are changed to different states. This can also result in the 
necessity to, at the same time, vary the output-side control signals, STl, ST2 
emitted from the regulators RGl, RG2, RG. This is continued in a systematic or 
random manner until at least one, but preferably both, of the data output signals 

10 DDI, DD2 obtained from the digital receivers Dl, D2 corresponds or correspond at 
least approximately to the respective transmission-end modulation signals, SDDl, 
SDD2. Altematively, or in addition to this, ftirther methods can be used for 
determining distortion, referred to as PMD distortion, caused by polarization mode 
dispersion. Distortion analyzers DANAl, DANA2, to which the detected signals 

15 EDI, ED2 are supplied, are provided for this purpose in Figure 10. The distortion 
analyzers DANAl, DANA2 determine, for example via one or more high-pass or 
bandpass filters, spectral components of the detected signals, which also can be 
added up and passed to the further regulator RGWl, RGW2, RGW as, in each case, 
at least one distortion signal SDANAl, SDANA2. A reduction in the high- 

20 frequency spectral components of the detected signals EDI, ED2 indicates 
incorrect adjustment of the input-side polarization transformer or transformers 
PMDC, PMDCl, PMDC2, so that it or they can be set by the further regulator 
RGWl, RGW2, RGW so as to avoid PMD distortion. This type of method, which 
is used here only as an auxiliary method, to compensate for polarization mode 

25 dispersion is admittedly already known, in principle, for example from European 
Patent Application EP 0 909 045 A2 and from IEEE J. Lightwave Technology, 17 
(1999)9, pages 1602-1616; however, the novel feature here is its application to 
polarization-multiplexed signals. As soon as at least one, but preferably both, of 
the data output signals DDI, DD2 which are obtained from the digital receivers Dl, 

30 D2 corresponds or corresponds at least approximately to the respective 
transmission-end modulation signals SDDl, SDD2, the regulator RGWl, RGW2, 



RGW switches over, so that, according to the present invention, the input-side 
control signal LWl, LW2, LW, which is likewise supplied to it and results from 
detection of interference INTl, INT2, is used to obtain the output-side control 
signal or signals STWl, STW2. 
5 If a further output-side control signal SDWl, SDW2 changes, the 

polarization transformation of an input-side polarization transformer PMDC, 
PMDCl, PMDC2 is changed. This generally also requires readjustment of one of 
the output-side polarization transformers SPT, SPTl, SPT2. In order to carry out 
this readjustment as quickly as possible, the further regulators RGWl, RGW2 in 

10 Figure 10, and the further regulator RGW in Figure 11, each form an information 
transmission signal ITSl, ITS2, ITS in the further signal processing module DRW. 
In the signal processing module DRW, this signal is, in each case, supplied to the 
regulators RGl, RG2 in Figure 3 and to the regulator RG in Figure 5, which 
regulators use these information transmission signals ITSl, ITS2, ITS to change the 

15 output-side control signals STWl, STW2 emitted by them, in order to readjust the 
output-side polarization transformers SPT, SPTl, SPT2. 

The essence of the present invention is always to detect any interference 
INTl, INT2 which occurs in the two optical signal elements OSl, OS2. The 
present invention is, therefore, suitable for all operational situations in which such 

20 interference INTl, INT2 occurs. This includes the non-retum-to-zero signal 
format, or NRZ for short. It also relates to the retum-to-zero signal format, RZ for 
short, where RZ pulses of the two polarization-multiplexed channels overlap. If 
these occur alternately, so that there is always one RZ pulse in one channel between 
two adjacent RZ pulses in the other channel, there is, however, no interference 

25 provided the pulse duration is in each case shorter than half the symbol duration. 
Nevertheless, the present invention itself can be used usefully in these situations, to 
be precise for controlling a PMD compensator, which produces the advantageous, 
interference-free state. 

Although the present invention has been described with reference to 

30 specific embodiments, those of skill in the art will recognize that changes may be 
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made thereto without departing from the spirit and scope of the invention as set 
forth in the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 
A system and method for optical information transmission, wherein 
interference, which occurs on the input side for differently polarized optical signal 
elements, between these optical signal elements is detected, a control signal is 
formed from it and is used to control a polarization transformer with the 
downstream fixed polarizing element. 
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In the Claims: 

On page 32, cancel line 1 and substitute the following left-hand justified 
heading therefore: 
5 CLAIMS 

Please cancel claims 1-31, without prejudice, and substitute the following 
claims therefore: 

32. A system for optical information transmission having differently 
polarized optical signal elements, comprising: 

10 a controllable polarizing element for emitting at least one of the optical 

signal elements on an output side; and 

at least one signal processing module for detecting any interference 
occurring between the optical signal elements, and for forming at least one control 
signal based on the detection for controlling the controllable polarizing element. 

15 

33. A system for optical information transmission as claimed in claim 
32, further comprising, in the at least one signal processing module, at least one 
regulator having at least one input-side control signal at an input of the regulator, 
and at least one output-side control signal at an output of the regulator, the output- 

20 side control signal being passed by the regulator to the controllable polarizing 
element. 

34. A system for optical information transmission as claimed in claim 
32, fiirther comprising, in the controllable polarizing element, a controllable 

25 polarization transformer followed by a fixed polarizing element. 

35. A system for optical information transmission as claimed in claim 
34, fiirther comprising, in the controllable polarization transformer, an input-side 
polarization transformer suitable for PMD compensation followed by an output- 

30 side polarization transformer. 
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36. A system for optical information transmission as claimed in claim 
32, further comprising a phase-difference-modulating device for producing 
differential phase modulation between the optical signal elements. 

5 37. A system for optical information transmission as claimed in claim 

36, wherein the differential phase modulation is produced such that the input-side 
control signal is designed to be at least approximately independent of a steady-state 
difference phase angle between the optical signal elements. 

10 38. A system for optical information transmission as claimed in claim 

36, further comprising a transmission laser and a transmission-end power splitter, 
wherein the phase-difference modulating device produces frequency modulation on 
the transmission laser, and produces the differential phase modulation between the 
optical signal elements based on a magnitude of any delay time difference between 

15 a splitting of an optical signal from the transmission laser in the transmission-end 
power splitter and combination with orthogonal polarizations of the optical signal 
elements formed in this way. 

39. A system for optical information transmission as claimed in claim 
20 32, further comprising at least one photo detector following the controllable 

polarizing element, wherein a signal component which is emitted on the output side 
of the controllable polarizing element is suppUed to an input side of the at least one 
photo detector, the at least one photo detector producing at least one detected signal 
in which the interference is manifested. 

25 

40. A system for optical information transmission as claimed in claim 
39, further comprising a filter in the at least one signal processing module for 
passing at least one spectral signal element of at least one signal which can be 
processed and is produced from the at least one detected signal. 

30 
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41. A system for optical information transmission as claimed in claim 

39, further comprising a detector in the at least one signal processing module which 
at least partially provides the input-side control signal which is one of a linear 
function and a splitter root function of at least one second-order moment of at least 

5 one spectral signal element. 

42. A system for optical information transmission as claimed in claim 
41, wherein the detector produces a second-order moment, which is in mixed form, 
of two different spectral signal elements. 

10 

43. A system for optical information transmission as claimed in claim 
41, wherein the detector produces a second-order moment of a spectral component 
which is a measure of power of the spectral component. 

15 44. A system for optical information transmission as claimed in claim 

40, wherein the filter passes a Fourier coefficient of a signal, which can be 
processed, as a spectral signal element, in which case delay time compensation can 
be effected before formation of second moments in mixed form. 

20 45. A system for optical information transmission as claimed in claim 

40, wherein the at least one signal processing module processes the at least one 
detected signal and emits an output-side control signal which drives an output-side 
polarization transformer in the controllable polarizing element. 

25 46. A system for optical information transmission as claimed in claim 

40, further comprising a correlating element in the at least one signal processing 
module, the correlating element for correlating the at least one detected signal with 
at least one spectral component of at least one data output signal, and for emitting a 
correlation signal which can be processed, such that the at least one signal 

30 processing module processes the correlation signal and emits an output-side control 
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signal for driving an input-side polarization transformer in the controllable 
polarizing element. 

47. A method for optical information transmission using differently 
5 polarized optical signal elements, the method comprising the steps of: 

emitting at least one of the optical signal elements via an output side of a 
controllable polarizing element; 

detecting any interference which occxirs between the optical signal 
elements; 

10 forming at least one control signal from the detection via at least one signal 

processing module; and 

using the at least one control signal to control the controllable polarizing 
element. 

15 48. A method for optical information transmission as claimed in claim 

47, the method further comprising the steps of: 

supplying at least one input-side control signal for a regulator to an input of 
the regulator; and 

emitting at least one output-side control signal from the regulator and 
20 supplying the at least one output-side control signal to the controllable polarizing 
element. 

49. A method for optical information transmission as claimed in claim 
47, wherein the controllable polarizing element is a fixed polarizing element with a 

25 controllable polarization transformer following it. 

50. A method for optical information transmission as claimed in claim 
49, wherein the controllable polarizing transformer is suitable for PMD 
compensation and has a downstream output-side polarization transformer. 

30 
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5L A method for optical information transmission as claimed in claim 
48, the method further comprising the step of producing differential phase 
modulation between the optical signal elements. 

5 52. A method for optical information transmission as claimed in claim 

51, wherein the differential phase modulation is produced at a start of information 
transmission. 

53. A method for optical information transmission as claimed in claim 
10 52, wherein the differential phase modulation is effected such that the input-side 

control signal is formed at least approximately independently of any steady-state 
difference phase angle between the optical signal elements. 

54. A method for optical information transmission as claimed in claim 
15 5 1 , the method further comprising the step of producing frequency modulation for a 

transmission laser, the frequency modulation producing the differential phase 
modulation between the optical signal elements based on a magnitude of any delay 
time difference between a splitting of an optical signal from the transmission laser 
in a transmission-end power splitter in combination with orthogonal polarizations 
20 of the optical signal elements formed in this way. 

55. A method for optical information transmission as claimed in claim 
48, wherein the controllable polarizing element, which emits at least one signal 
component, is followed by at least one photodetector for each signal component, 

25 the at least one photodetector producing a detected signal in which the interference 
is manifested. 

56. A method for optical information transmission as claimed in claim 
55, the method further comprising the step of passing at least one spectral signal 

30 element of at least one signal, which can be processed and is produced from the 
detected signal, by a filter. 
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57. A method for optical information transmission as claimed in claim 

55, the method further comprising the step of supplying the input-side control 
signal at least partially to a detector which forms the input-side control signal such 

5 that it is at least approximately one of a linear function and a square root function 
of at least one second-order moment of at least one spectral signal element. 

58. A method for optical information transmission as claimed in claim 
57, the method further comprising the step of producing, by the detector, a second- 

10 order moment, in mixed form, from two different spectral signal elements. 

59. A method for optical information transmission as claimed in claim 
57, the method further comprising the step of producing, by the detector, a second- 
order moment of a spectral component, the second-order moment being a measure 

15 of power of the spectral component. 

60. A method for optical information transmission as claimed in claim 

56, wherein a Fourier coefficient of the at least one signal is used as the spectral 
signal element of the detected signal with delay time compensation being effected 

20 before formation of second moments in mixed form. 



61. A method for optical information transmission as claimed in claim 
56, wherein the detected signal, via the signal processing module, emits an output- 
side control signal for driving an output-side polarization transformer in the 

25 controllable polarizing element. 

62. A method for optical information transmission as claimed in claim 
56, the method further comprising the steps of: 

correlating the detected signal via a correlating element in the at least one 
30 signal processing module, with at least one spectral component of at least one data 
output signal; 
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processing the correlation signal, which is produced during the correlation 
process, by the at least one signal processing module; and 

driving an input-side polarization transformer in the controllable polarizing 
element via an output-side control signal which is produced during the processing. 



The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter 
is added thereby. 

Attached hereto is a marked-up version of the changes made to the 
specification and claims by the current amendment. The attached page is captioned 
** Versions with Markings to Show Changes Made/' 

In addition, the present amendment cancels original claims 1-31 in favor of 
new claims 32-62. Claims 32-62 have been presented solely because the revisions 
by crossing out underlining which would have been necessary in claims 1-31 in 
order to present those claims in accordance with preferred United States Patent 
Practice would have been too extensive, and thus would have been too 
burdensome. The present amendment is intended for clarification purposes only 
and not for substantial reasons related to patentability pursuant to 35 U.S.C. §§101, 
102, 103 or 112. Indeed, the cancellation of claims 1-31 does not constitute an 
intent on the part of the Applicants to surrender any of the subject matter of claims 



REMARKS 



1-31. 



Early consideration on the merits is respectfully requested. 

Respectfully submitted. 




William E. Vaughan jy 
Reg. No. 39,056 ^ 
P.O. Box 1135 
Chicago, Illinois 60690-1 135 
Phone: (312) 807-4292 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the Specification; 

SPECIFICATION 
TITLE OF THE INVENTION 

5 DoGcription 

SYSTEM AND METHOD FOR OPTICAL INFORMATION TRANSMISSION 
Th o inv e ntion rolatos to an arrangomont and to an associated m e thod for 
optical information transmission, as claim e d in the precharaotorizing claus e of th e 
ind e pend e nt patent claims 1 and 16. 

10 BACKGROUND OF THE INVENTION 

Polarization multiplexing, an arrangement a system and a method for 
optical information transmission by means of via differently polarized optical 
signal elements, are used to increase the capacity of an optical transmission system. 
The Proceedings of the European Conference on Optical Commxmications 1993, 

15 Montreux, Switzerland, pages 401-404, Lecture WeP9.3, F. Heismann et al., 
"Automatic Polarization Demultiplexer for Polarization-Multiplexed Transmission 
Systems" describe an optical polarization-multiplexed transmission system. A 
major disadvantage of this configuration is that a receiver-end polarization 
transformer is controlled such that the two polarization-multiplexed channels are 

20 spht between the two outputs of a downstream polarization beam splitter. This is 
done by forming a correlation signal of the recovered clock with the received 
signal, and by through maximizing this by adjustment of the polarization 
transformer. 

The procedure according to the prior art has a number of disadvantages: 
25 Firstly First, the correlation product disappears when averaged over time 

when a pure AC-voltage-coupled pseudo-sequence is applied, and this malce o thus 
making the control process difficult or impossible. 

Furthermore, different bit rates had to be chosen in order to distinguish 
between the two polarization-multiplexed channels, and this which is not feasible 
30 in practice. Furthermore, significantly different optical wavelengths had to be 
chosen and this is . which likewise is unacceptable in practice. 
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One object of the present invention is^ thus^ to specify an arrangement a 
system and an associated method for optical information transmission, which avoid 
the disadvantages of the prior art. 

This object is achiev e d by an arrangement as specifi e d in claim 1, and by a 
5 method as specified in pat e nt claim 16. 

Advantageou s developm e nts ar e specified in the dependent claims. 

SUMMARY OF THE INVENTION 
The A solution to the problem is to detect any interference which occurs in 
the two optical, differently polarized polarization-multiplexed signals in a signal 
10 processing module, and to use this to control a controllable polarizing element. 
This is done by conditioning this interference at the transmission end^; that is to 
say^ randomizing it. Corresponding spectral signal elements are minimized by a 
polarization regulator, so that crosstalk in polarization multiplexing is minimized 
and, at the same time, the usefiil signals are at least approximately maximized. All 
15 the disadvantages that have been mentioned with the prior art are in this way 
avoided. 

In one exemplary embodiment of the present invention, the polarization- 
multiplexed signal is produced at the transmission end from a laser signal, which is 
first of all split between two signal paths , whore it is and then, in each case^ 

20 separately intensity-modulated. These signal paths are then combined in a 
polarization beam splitter, with orthogonal polarizations, with the fi-equency of the 
laser being modulated at the same time. Any delay time difference between these 
paths means that the fi*equency modulation results in differential phase modulation 
between the multiplexed signals. 

25 At the receiver end, the signal is split by moans of via a coupler between 

two receiver paths. Input-side polarization control is carried out in each receiver 
path, followed by a polarizer for suppressing the respectively imdesirable 
polarization-multiplexed channel, and by a conventional photoreceiver in each case 
having a photodiode^ and, finally, electrical data signal regenerators coimected 

30 downstream firom the photodiodes. Spectral signal elements are in each case 
detected by moans of via a fiher. These spectral signal elements disappear only 
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when one of the multiplexed signals is completely suppressed by the polarizer. 
This results in a simple and^ at the same time^ highly effective control criterion for 
setting the respective polarization transformer. In this case, each of the 
regenerators receives and regenerates only one polarization-multiplexed channel, 
5 which corresponds to the desired receiver-end separation of the signals. In one 
dovolopm e nt embodiment, correlation is carried out, before reaching the filter, 
preferably with the time derivative of the recovered data signal fi-om the respective 
other channel. This results in a highly accurate control criterion in order to 
compensate for polarization mode dispersion. 
10 Additional features and advantages of the present invention are described 

in, and will be apparent from, the following Detailed Description of the Invention 
and the Figures. 

The invention will b e e xplained in mor e detail with r e foronco to exemplary 
embodim e nts. 
15 In the figur e s: 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows a polarization-multiplexed transmitter with only one laser^. 

Figure 2 shows a polarization-multiplexed transmitter with two lasers^. 

Figure 3 shows a receiver according to the present invention^. 
20 Figure 4 shows a separator/detector^^ 

Figure 5 shows a variant of a part of the receiver fi-om Figure S^. 

Figure 6 shows a vector diagram of linear polarization states^. 

Figure 7 shows an embodiment variant of a separator/ detector^. 

Figure 8 shows an embodiment variant of a filter unit^. 
25 Figure 9 shows a further embodiment variant of a filter unit^^ 

Figure 10 shows a fiuther receiver according to the present invention^. 

Figure 1 1 shows a variant of a part of the receiver from Figure 10^^ 

Figure 12 shows a correlating element^. 

Figure 13 shows one advantageous refinement of the correlating element^ 

30 «id^ 

Figure 14 shows a fiirther correlating element, 
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DETAILED DESCRIPTION OF THE INVENTION 
In a transmission arrangement as shown in Figure 1, the output signal from 
a transmission laser LA is split between two optical waveguides, with 
approximately the same power levels, by moana of via a transmission-end power 
5 splitter PMC. Any optical and/or electrical amplifiers which may be required are 
omitted here and in the following figures, for the sake of clarity. The transmission- 
end power splitter PMC may be, for example, a polarization-maintaining fiber 
coupler. The signals obtained in this way are passed through a respective 
modulator MOl, M02, which is preferably in the form of an intensity modulator or 

10 else, for example, a phase modulator, and where transmission-end modulation 
signals SDDl and SDD2, respectively, are appUed, thus producing optical signal 
elements OSl, OS2. These are modulated. OSl is a first optical signal element, 
and OS2 is a second optical signal element. These are combined, preferably with 
orthogonal polarizations, by means of via a transmission-end polarization beam 

15 splitter PBSS. A simple optional directional coupler eaa also can be used instead 
of the transmission-end polarization beam splitter PBSS. 

Polarization-maintaining optical waveguides, for example, likewise cmi 
be provided for the connections between the modulators MOl, M02 and the 
transmission-end polarization beam spHtter PBSS, with one of these optical 

20 waveguides being twisted through 90°. As an alternative to this, a mode converter 
can be provided in one of these connections. 

In order to achieve the desired coherence between the optical signal 
elements, OSl, OS2 after combination, differential phase modulation DPM is 
provided between these two optical signal elements OSl, OS2, and is produced by 

25 a phase-difference-modulating m e ans device . First phase-difference-modulating 
moans devices PDMl , PDM2, PDMl 2, PDM2 1 , which can be used alternatively or 
additively, are angle modulators PHMOl, PHM02 for one of the optical signals, 
OSl, OS2, or differential angle modulators PHM012, PHM021. In this case, the 
word differential moans that refers to the angle modulation takes taking place 

30 between the polarized optical signal elements OSl, OS2, which are ideally 
orthogonal to one another. The frequency shift which may be produced in this case 
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result results in a frequency difference FD in the output optical waveguide. 
Frequency shifters, including differential frequency shifters, which are suitable for 
use as this the first phase-difference-modulating m o ans devices PDMl, PDM2, 
PDM12, PDM21 may operate, in particular, acustoopticall v acousto-opticallv , or 
5 e l e ctrooptically electro-optically. and preferably with full mode conversion, in the 
case of the phase-difference-modulating m e ans devices PDMl, PDM2, PDM12, 
which is not used for power splitting at the same time. A transmission-end power 
splitter PMC ea** also can be used as the phase-difference-modulating m e ans device 
PDM2U; for example^ in the form of an acustooptical acusto-optical mode 

10 converter which operates as a frequency shifter and with half power conversion^ 
and thi s . This is followed by a polarization beam splitter. Li a fiirther exemplary 
embodiment of a polarization-muliplexed transmitter, the transmission laser LA has 
an optical frequency modulation signal FMS applied to i t, with thi s being which is 
produced from a fiirther phase-difference-modulating m e ans device PDMO. By 

15 way of example, sinusoidal optical frequency modulation FM with a frequency 
shift of a few hundred MHz has scarcely any effect on the transmission bandwidth 
of a 10 Gb/s transmitter. If the magnitude of the delay time difference I DT1-DT2I 
between the optical delay times DTI, DT2 of the optical signal elements OSl, OS2 
which pass through the modulators MOl, M02 between the transmission-end 

20 power splitter PMC and the transmission-end polarization beam splitter PBSS is 
chosen not to be zero, the frequency modulation is converted to the desired 
differential phase modulation DPM of the optical signal elements OSl, OS2 
downstream from the transmission end-polarization beam splitter PBSS. This has a 
spectrum which depends on that of the optical frequency modulation FM. 

25 In the simplest case, the external optical frequency modulation FM may 

even be dispensed with, by making use, instead of this, of the natural frequency 
fluctuations from the transmission laser LA, its line width. These frequency 
fluctuations also lead, via the magnitude of the delay time difference I DT1-DT2I 
between the optical delay times DTI, DT2, to differential phase modulation, DPM 

30 between the optical signal elements, OSl, OS2. 
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Furthermore, differential phase modulation DPM is used between the 
optical signal elements OSl and OS2 even when^ as an alternative to signal U a 
transmission arrangement as shown in Figure 2 is used, with two optical 
transmitters TXl, TX2. The optical transmitters TXl, TX2 transmit the 
orthogonal-polarized optical signal elements OSl, OS2, which are combined in a 
transmission-end polarization beam splitter PBSS. In this case, the optical 
transmitters TXl, TX2 interact with the transmission-end polarization beam splitter 
PBSS as a further phase-difference-modulating moans device PDML. The 
differential phase modulation DPM produced in this way is added to form a steady- 
state difference phase angle EPS, which occurs at a specific time between the 
optical signal elements. The optical transmitters TXl, TX2 are modulated with 
transmission-end modulation signals SDDl for the optical transmitter TXl and 
SDD2 for the optical transmitter TX2. 

The aim of the transmission arrangements shown in Figure 1 and Figure 2^ 
is in each case., to randomize the interference phase angle; that is to say, for 
example, if there is a frequency difference FD between the optical signal elements 
OSl, OS2 the cosine function and the sine function of the differential phase 
modulation DPM between the optical signals OSl and OS2 always have a mean 
value of zero, so that input-side control signals LI, L2, L12, which are obtained in 
a way which will be described later, are independent of the steady-state difference 
phase angle EPS. 

Figure 2 also shows the principle of one design of a transmission system 
using polarization multiplexing. Once the optical signal elements OSl, OS2 have 
been combined by the transmission-end polarization beam splitter PBSS, the 
signals can tiien be transmitted via an optical waveguide LWL to a receiver RX 
with With an input EI. Since the optical waveguide LWL generally does not 
maintain the polarization, this makes it difficult to separate the two optical signal 
elements OSl, OS2 once again. 

According to Figure 3, the receiver RX compri se s includes, for example, a 
separator/detector SD and downstream receiver electronics. 
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Figure 4 shows a separator/detector SD for polarization multiplexing. The 
received optical signal elements are passed from the input EI to a controllable 
polarizing element SUB. This contains a controllable polarization transformer PT, 
which is preferably designed to be endless, and receives at least one first output- 
5 side control signal STl, and preferably a second output-side control signal ST2, as 
well. Both the first output-side control signal STl and the second output-side 
control signal ST2 may consist of one or more signals. A fixed polarizing element 
EPBS is fitted at the output of the polarization transformer PT and may be in the 
form of a polarization beam splitter which produces first and second signal 

10 components OUTl, OUT2 at its outputs. Ideally, the signal components OUTl, 
OUT2 should be the orthogonal-polarized optical signal elements OSl and OS2, 
respectivel y: how e v e r . However, this is tme only if the controllable polarization 
transformer PT is adjusted in a suitable manner. This contains a first input-side 
polarization transformer PMDC, which is designed to be suitable for PMD 

15 compensation and is referred to as a PMD compensator, and is controlled by 
output-side control signals STWl, STW2, which are designed to control it, and 
contains an output-side polarization transformer SPT, which follows it in the 
propagation direction of the optical signals OSl, OS2 and is controlled by control 
signals STl, ST2, which are designed to control it. When, on the other hand, the 

20 controllable polarization transformer PT is not set optimally, crosstalk results due 
to the respectively undesired optical signal element OS2 or OSl. One idea of the 
present invention is to detect the interference INTl and INT2 which respectively 
occurs in this case in the two optical signal elements OSl, OS2. This interference 
INTl and INT2, respectively, occurs in these signal components, OUTl and OUT2, 

25 respectively, in this case by virtue of the optical field strength or the optical power. 

The respective signal components OUTl and OUT2 are detected in 
respective photodetectors PDll and PD21, which produce a first detected signal 
EDI and a second detected signal ED2. These^ in tum^ contain the respective 
interference INTl and INT2, but in this case by virtue of the photocurrents of the 

30 respective photodetectors PDl 1 and PD21 . 
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The input-side polarization transformer PMDC, that is to say the PMD 
compensator PMBC^, may be designed, for example, as described in German Patent 
Applications 19841755.1 and 19830990.2. A version with an at least 
approximately frequency-independent controllable polarization transformer is 
5 likewise of interest, which is followed by a highly frequency-dependent, fixed 
polarization transformer which, for example, has only first-order polarization mode 
dispersion. The latter may be formed from a piece of polarization-maintaining 
fiber with a differential group delay time between two modes. Arrangements such 
as these are known from IEEE J. Lightwave Technology, 17(1999)9, pages 1602- 

10 1616, and the references quoted there. The controllable polarizing element SUB, or 
parts of it, in particular the controllable polarization transformer PT, may be 
integrated on a substrate which is composed, for example, of lithium niobate. 
Instead of the integrated design, the input-side polarization transformer PMDC 
could al s o, for exampl e , be omitted, with the output-side polarization transformer 

15 SPT and the fixed polarizing element EPBS, which is in the form of a polarization 
beam splitter, being designed as described in the Proceedings of the European 
Conference on Optical Communications 1993, Montreux, Switzerland, pages 401- 
404, Lecture WeP9.3- Embodiments according to the subject matters described in 
German Patent Applications 19858148.3 and 19919576.5 are also possible. 

20 The detected signals EDI, ED2 are preferably passed to digital receivers 

Dl, D2, as shown in Figure 3. These may contain decision makers and clock 
recovery units and may emit data output signals DDI, DD2 which, ideally, are 
logically identical to the transmission-ended modulation signals SDDl and SDD2, 
respectively. 

25 The detected signals EDI, ED2 are passed to a signal processing module 

DR. In principle, instead of this, the signal components OUTl, OUT2 leaving the 
controllable polarizing element SUB also can be passed directly to this signal 
processing module DR ^. It should then be designed to process these signal 
components OUTl, OUT2, and the photodetectors PDl 1, PD21 may be omitted. 

30 This signal processing module DR detects any interference INTl, INT2 

which occurs between the optical signal elements OSl, OS2, and may also may 
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contain regulators RGl, RG2. Signals EDVl, EDV2 which are in the form of 
detector signals EDI, ED2 and can be processed are processed for this purpose in 
the signal processing module DR. This emits an output-side control signal STl, 
ST2, which drives the output-side polarization transformer SPTl, SPT2. These 
5 signals EDVl, EDV2, which can be processed, are passed to respective filters 
LEDl and LED2 for this purpose. In order to keep the complexity low, it is, for 
example, possible to measure the current at that electrode of a photodiode at which 
the data signal is not tapped off. This results in the advantage that the data signals 
are not corrupted, and that the desired filtering is at least partially carried out at this 

10 stage by the capacitive blocking to ground produced at the other electrode of the 
photodiode. In this case, detected signals EDI, ED2 each comprise include a 
broadband data signal on one line, and a low-fi:equency signal on another line. The 
former is processed fiirther in the digital receiver Dl or D2, respectively, while the 
latter is supplied to the respective filter LEDl or LED2. 

15 As an altemative to this, the broadband data signal on one line and the low- 

fi*equency data signal on another line may each originate from two different 
photodiodes which, together with in each case one upstream further optical beam 
splitter, form the respective photodetector PDl 1 or PD21. 

The filters LEDl, LED2 are preferably designed as bandpass filters, with a 

20 low fi"equency in comparison to the symbol rate, and thus select spectral signal 
elements FIOl, FI02 in whose frequency bands interference INTl, INT2 between 
the optical signal elements OSl and OS2 occurs due to the specific configuration of 
the transmission apparatus, as shown in Figures 1 or 2, in the controllable 
polarizing element SUB. In the case of optical fi*equency modulation FM, this is^ 

25 in each case^ the modulation fi-equency MO^ which is in general not identical to the 
fi-equency modulation shift / of, for example, 1 MHz, or the other modulation 
firequencies in the range fi-om about 0.1 Hz to 1 GHz are at leasts in principle^ 
suitable. Multiples n*MO of the modulation fi"equency where n is an integer m&y 
also may be evaluated on their own or together with it. The filters LEDl, LED2 

30 are preferably in the form of bandpass filters. It is likewise possible for them to be 
in the form of low-pass filters, which with the DC component being passed 
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through. In the case of an a periodic frequency modulation signal FMS or a 
frequency difference FD, which fluctuates severely through the line widths of the 
optical transmitters TXl, TX2, between the optical signal elements OSl, OS2, the 
filters LEDl, LED2 eaH preferably can pass the spectral maximum of the 
5 interference INTl, INT2 in the detected signals EDI, ED2. 

The selected spectral signal elements FIOl, FI02 at the outputs of the filters 
LEDl, LED2 are passed to detectors DETl and DET2, respectively, which, 
possibly after low-pass filtering in the low-pass filters LPFl, LPF2, produce input- 
side control signals LI, L2. These detectors DETl, DET2 may be in the form of 

10 root mean square value detectors, or power detectors. By definition, in the case of 
power detectors, the second-order moment SOMDl, SOMD2 of the corresponding 
spectral signal element FIOl, FI02 is evaluated. The input-side control signal LI, 
L2 is then a linear function F of this second-order moment SOMDl, SOMD2, In 
the case of root means square value detectors, the input-side control signal LI, L2 

15 is a square-root function F of this second-order moment SOMDl, SOMD2 of this 
spectral signal element FIOl, FI02. Peak value detectors or similar devices me^ 
possibly also may be used, especially if the spectral signal element FIOl, FI02 is 
essentially at a signal frequency whose peak value , in this case as w e ll, is at least 
approximately a square root ftinction F of the power^; that is to say^ of this second- 

20 order moment SOMDl, SOMD2 of this spectral signal element FIOl, FI02. The 
input-side control signals LI, L2 are passed to regulators RGl, RG2, whose output 
signals are used as output-side control signals SDl, SD2 for driving the 
controllable polarizing element SUB in the separator/detector SD^; in this case^ the 
polarization transformer PT contained in it. The regulators RGl, RG2 are designed 

25 such that the input-side control signals LI, L2 assume minimum magnitudes^; that 
is to say^ minimum interference INTl, INT2 is indicated between the optical signal 
elements OSl and OS2. This ensures optimum receiver operation. 

The signal processing module DR, according to the present invention and as 
already described, of the receiver RX in Figure 3 ea» also can be embodied by 

30 m e ans of via a fiirther variant of the present invention illustrated in Figure 5. This 
is possible in situations in which a separator/detector SD with a controllable 
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polarizing element SUB is provided, which on the output side emits signal 
components OUTl, OUT2 which correspond at least approximately to orthogonal 
components of the signal elements OSl, OS2 passed to it^; that is to say, for 
example, which has a controllable polarization transformer PT followed by a 
5 polarization beam splitter as a fixed polarizing element EPBS, as shown in Figure 
4. Since the interference INTl, INT2 and^ / if the same frequency bands are 
chosen^ / the spectral signal elements FIOl, FI02 as well are then always in 
antiphase in the two receiver paths /{assuming that the electrical signal polarities 
of the receiver paths are the same}/ the difference between the first and second 

10 signals, EDVl, EDV2, which are in the form of first and second detected signals 
EDI, ED2, respectively, and can be processed, is processed respectively as fiirther 
detected signals ED1-ED2 and, at the same time, as a fiuther signal EDVl 2 which 
can be processed, in a first subtractor SUBED12 for situations such as this, in 
Figure 5. This is supplied to a filter LED12, which is designed in the same way as 

15 the filters LEDl, LED2 and allows a fiirther spectral signal element FIOl 2 to pass. 
This is supplied to a detector DET12, which is designed in the same way as the 
detectors DETl, DET2 and uses the signal element to produce a further input- side 
control signal LI 2 which, for example, is identical to the second-order moment 
SOMD12 of this fiirther spectral signal element FIOl 2. This may be followed by a 

20 low-pass filter LPF12, designed in the same way as the low-pass filters LPFl, 
LPF2. A regulator RG produces output-side control signals STl and, possibly ST2. 
This is designed such that the input-side control signal LI 2 supplied to it is 
minimized, so that the interference INTl, INT2 is thus also minimized. In 
principle, a single fiirther fiUer LED 12 will be sufficient to produce the input signal 

25 for the single detector BET 12 : how e v e r . However , since broadband subtracters 
SUBED12 are costly, it is generally better to provide filters LEDl and LED2 first 
of all at the inputs of a correspondingly relatively narrowband first subtractor 
SUBED12 and, possibly, novortholoss a fiirther filter LED 12 at its outputs^ which, 
when cascaded with the respective filter LEDl or LED2, produces the desired 

30 spectral form of the difference between the detected signals EDI, ED2. 
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The regulators RGl, RG2, RG in Figures 3 and 5 preferably operate on the 
basis of a lock-in method and preferably have integral or proportional-integral 
control elements. The regulators RGl, RG2, RG also may, possibly, alse be 
omitted, so that one input-side control signal LI, L2, L12 is at the same time used 
5 as the output-side control signal STl, ST2. 

Both the input-side control signals LI, L2, L12 and the output-side controls 
signals STl, ST2 of the regulators RGl, RG2, RG are control signals LI, L2, L12, 
STl, ST2. 

If the optical frequency modulation FM is produced by /£preferably 

10 sinusoidal)/ direct modulation of a semiconductor laser, the optical signal elements 
OSl, OS2 have not only the desired differential phase modulation DPM produced 
by optical frequency modulation FM and having a shift ETA (which in the 
following text is regarded as the peak shift in radians), but also undesirable 
amplitude modulation. This is not dependent on the polmzation states chosen at 

15 the receiver end^ and^ thus makos^ it is harder to set the polarizations in controllable 
polarizing elements, SUB, SUBl, SUBlf^ in particular^ in controllable polarization 
transformers PT, PTl, PT2. In cases such as this, it may be worthwhile evaluating 
multiples n*OM, for example n = 2, 3, 4, of the modulation frequency OM. 

At least in the case of sinusoidal frequency modulation FM, the amplitudes 

20 of even (n = 0, 2, 4, ...) and odd (n = 1, 3, 5, ...) multiples n*OM of the modulation 
frequency OM, detected at the receiver end, are proportional to the cosine and sine, 
respectively, of steady-state difference phase angle EPS, which is sensitively 
dependent on the magnitude of the delay time difference I DT1-DT2I between the 
optical delay times DTI, DT2. 

25 However, according to the present invention, it is possible to evaluate at 

least one even multiple of the modulation frequency OM, and at least one odd 
multiple of the modulation frequency OM, at the same time. Provided the filter or 
filters LEDl, LED2, LED 12 are designed in a suitable manner, the respective filter 
output power is a second-order moment SOMDl, SOMD2, SOMD12, and the 

30 input-side control signals LI, L2, L12 is/are thus also proportional to 
cos^2(EPS)+sin^2(EPS) = 1^; that is to say^ independent of the steady-state 
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difference phase angle EPS. LOMn is assumed to be a power transmission factor 
for the multiple n*OM. In a first such example, the modulation frequency OM, 
corresponding to the Bessel line Jl, where Jn is an n-th order Bessel function of the 
first kind, and twice the modulation frequency 2*OM, corresponding to the Bessel 
5 line J2, are passed through filters LEDl, LED2, LED 12, and the detectors DEI, 
DET2, DET12 are power detectors or root mean square value detectors. 
LOMl*Jl(ETA)'^2 is set to be LOM2*J2(ETA)^2, and is achieved, at least 
approximately, for example, by | J1(ETA)| = I J2(ETA)| where ETA = 2.63 and 
LOMl=LOM2. 

10 The further refinement of the principle of the present invention on which 

this embodiment is based is that the detected /£or even the detectable, provided the 
detection process is independent of frequency}/ first power PEVEN or second 
power PODD, which is measured by detection of only even or only odd multiples 
of the modulation frequency OM in the input-side control signal LI, L2, LI 2, has a 

15 sum PEVEN+PODD which is independent of the steady-state difference phase 
angle EPS. It also has the same expected values. 

Further exemplary embodiments based on this principle are described 

below: 

It is possible for the modulation shift ETA to be subjected to fluctuations 
20 over the course of time^; for example^ due to aging of the laser. In order, 
nevertheless, to make it possible to keep the detection process independent of the 
difference phase angle EPS, to a first approximation, the input-side control signals 
LI, L2, LI 2 must, to a first approximation, be independent of the modulation shift 
ETA, This is achieved, for example, by moans of via filters LEDl, LED2, LED 12, 
25 which are in the form of bandpass filters and each pass the modulation frequency 
OM, twice this frequency 2*OM, and three times this frequency 3*OM. The power 
transmission factor values required to do this are at least approximately 
LOM1=0.72852*LOM2 and LOM3=1.6036*LOM2, and ETA is chosen to be at 
least approximately 3.0542. 
30 As mentioned above, detection using the single modulation frequency OM 

may result in problems, so that it may be better to carry out the detection process at 
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2*OM, 3*OM, 4*OM instead. The power transmission function values required in 
this case are at least approximately LOM2=0.64066*LOM3 and 
LOM4=1.3205*LOM3 and ETA is chosen to be at least approximately 4.2011. 
Those power transmission factors which have not been mentioned, that is to say in 
5 the present example LOMO, LOMl, LOM5, LOM6, LOM7, ... for frequencies 0, 
OM, 5*OM, 7*OM, are in each case assumed to be at least approximately equal 
to zero. 

If amplitude modulation also occurs in addition to the optical frequency 
modulation FM, the required power transmission factors LOMn (n = 0, 1, 2, ...) 

10 may differ from the values quoted above, to be precise with the difference 
increasing with the level of amplitude modulation. 

It can be difficult to design bandpass filters such as these. In a fixrther 
refin e m e nt embodiment of the present invention, a number of filters, or else 
individual filters LEDOMn, which are preferably in the form of bandpass filters, 

15 can be provided for frequencies n*OM, since these signals are mathematically 
orthogonal at the frequencies n*OM, so that their individual power levels can be 
added directly, without any cross-power terms. These filters LEDOMn each have a 
detector DETOMn connected to them, preferably in the form of a power 
measurement device. One embodiment such as this of the elements illustrated in 

20 Figures 3 and 5, namely filters LEDl, LED2, LED 12, detectors DETl, DET2, 
DET12 and low-pass filters LPFl, LPF2, LPF12, which can be combined to form 
filter units FEl, FE2, FE12, is shown in Figure 8. Here, in a corresponding way to 
that in the last exemplary embodiment, n = 2, 3, 4, but it is likewise possible to 
select different values of n. The filter unit FEl 2, which is implemented as an 

25 alternative in Figure 8, may also may include the subtractor unit SE in which case 
linear fimction blocks can be shifted or spHt in accordance with the commutative or 
distributive law. 

The splitting is carried out on filters LEDOMn where n is an integer. The 
output signals from these filters LEDOMn are spectral signal elements FIOOMn 
30 where n is an integer, and are essentially composed of spectral components at the 
frequencies n*OM. These spectral signal elements FIOOMn, where n is an integer. 
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are passed to detectors DETOMn, where n is an integer. The power transmission 
factors LOMn are each obtained by multiplication of the power transmission factor 
of a filter LEDOMn by that of a weight Gn, which is part of the associated detector 
DETOMn, or is downstream from it. The weight Gn may be provided from a 
5 potentiometer. At the latest after the weighting by the weight Gn, a second-order 
moment SOMn is obtained in each case, where n is an integer, namely the power of 
the spectral signal element FIOOMn. This second-order moment SOMn is added 
to the respective power transmission factor LOMn in an adder ADD. hi this case, 
according to the present invention, a first power PEVEN of at least one spectral 

10 component where n is even, and a second power PODD of at least one spectral 
component where n is odd, are added. The desired input-side control signal LI, L2 
or LI 2 is produced at the output of the adder ADD and, possibly, after passing 
through a low-pass filter LPFl, LPF2, LPF12, in a corresponding way to the 
exemplary embodiments of filter units FEl, FE2 or FBI 2 in Figures 3 or 5, which, 

15 according to the present invention, is once again independent of the steady-state 
difference phase angle EPS and, to a first approximation, is independent of the 
modulation shift ETA, since it is a constant sum PEVEN+PODD of the first power 
PEVEN of even spectral components, and of the second power PODD of odd 
spectral components. 

20 The input-side control signal LI, L2, LI 2 is a fiinction F of the second- 

order moment SOMn of these spectral signal elements FIOOMn, which is linear^; 
namely^ the weighted sum of the individual power levels of these spectral signal 
elements FIOOMn. Detection and addition may also may be interchanged. In this 
case, the detectors DETOMn and possibly weights Gn in Figure 8 must be replaced 

25 by through-links while a detector DETl, DET2, DET12 which was not required 
until now in Figure 8 and could^ therefore^_cguld be replaced by a through-link until 
now and which is a power or a root mean square value detector, is provided 
downstream from the adder ADD. 

In practice, it is advantageous for the filter units FEl, FE2, FE12 according 

30 to Figure 8 or parts of Figures 3 and 5 to be provided by digital signal processing 
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using a microprocessor. This microprocessor ms^ also may provide the regulators 
RG, RGl, RG, or parts of them. 

Further variations of the principle of the present invention are feasible by 
providing different time profiles for differential phase modulation, DPM between 
5 the two optical signal elements OSl, OS2. Such time profiles are preferably 
designed such that an input-side control signal LI, L2, L12 is as independent as 
possible of the amplitude of the differential phase modulation DPM or of optical 
fi-equency modulation FM, which produces the phase modulation, in a transmission 
laser LA. 

10 In practice, sinusoidal current modulation as a firequency modulation signal 

FMS for a transmission laser LA in any case results in non-sinusoidal fi-equency 
modulation FM and^ hence afee^ in non-sinusoidal differential phase modulation 
DBM between the optical signal elements OSl, OS2. There is thus else no pure 
Bessel spectrum in the detected signals EDI, ED2; in particular, the modulation 

15 fi-equency OM is generally strongly represented. In order, in contrast to the 
situation described above, for there to be no need to change their higher harmonics 
n*OM, for example up to n = 4, suitable second-order moments SOMn of the 
spectral signal elements DETOMn and/or possibly mixed second-order moments 
SOMmn, where m, n are integers, may be defined between them. 

20 Figure 9 once again shows a filter unit FEl, FE2, FE12, to which a detected 

signal EDI, ED2, ED1-ED2 is passed. A filter LED with a downstream detector 
DET is provided, which is in the form of a microprocessor with an input-side 
analogue/digital converter. This detector DET is used to calculate the Fourier 
components relating to the modulation frequency OM and twice this frequency 

25 2*OM, as spectral signal elements FIOOMl, FIOOM2, which can be carried out as 
filtering in filters LEDOMl, LEDOM2, which are in the form bandpass filters, 
within a filter LED. Owing to the formation of the mixed second-order moment 
SOM12, the two spectral signal elements FIOOMl, FIOOM2 have preferably 
already have had removed from them their delay time, which results from the fact 

30 that the formation of the Fourier coefficients does not necessarily coincide in time 
with the oscillation of the frequency modulation FM. If, for example, a Fourier 



component FIOOMl of the spectral signal element at the modulation frequency 
OM has a complex phase vector, then all the determined Fourier components 
FIOOMl, FIOOM2, ... FIOOMn are multiplied by the 1st, 2nd, n-th power of the 
complex conjugate of this phase vector, in accordance with the shift rule for Fourier 
5 transformation. A weighted sum of the second-order moment SOMl, SOM2, 
SOM12 of these two spectral signal elements FIOOMl, FIOOM2 and of the mixed 
second-order moment is formed between these two spectral signal elements 
FIOOMl, FIOOM2, and is used as the input-side control signal LI, L2, L12. The 
weights used in this case are at the same time the corresponding power 

10 transmission factors LOMl, SOM2, LOM12 of these second-order moments 
SOMl, SOM2, SOM12. They are chosen to produce an input-side control signal 
LI, L2, LI 2 which is independent of the steady-state difference phase angle EPS. 
This can be done by inversion of a 3x3 matrix. 

If a pure Bessel spectrum is present, the power transmission factor LOMl 2 

15 of the mixed second-order moment SOM12 is chosen to be equal to zero and, as 
mentioned above, LOMl*Jl(ETA)^2 is set to be LOM2*J2(ETA)^2, as is 
achieved, at least approximately, for example, by means of via |jl(ETA)| = 
I J2(ETA)| where ETA = 2.63 and LOMl = LOM2. In practice, in contrast, the 
distortion which occurs in the optical frequency modulation FM generally means 

20 requires that a power transmission factor LOMl 2 other than zero is be required for 
the mixed second-order moment SOMl 2 and this may even be negative. As 
or complex. As an extension to this exemplary embodiment, in addition to said the 
spectral signal elements FIOOMl, FIOOM2, further spectral signal elements 
FIOOMn, second-order moments SOMn relating to them and all the possible mixed 

25 second-order moments SOMnrn, where m, n are integers, may be formed between^, 
in each case^ one spectral signal element FIOOMm and another spectral signal 
element FIOOMn and, weighted with weights, may be added to form an input-side 
control signal LI, L2, LI 2, so that this results in an input-side control signal LI, 
L2, LI 2 which is independent of the steady-state difference phase angle EPS. 

30 Optical weights, which also take account of the signal-to-noise ratios in the 
individual spectral signal elements FIOOMn, can be determined here, for example. 



by linear programming using the simplex method. This relates^ in particular^ to the 
spectral signal element FIOOM3 at three times 3*OM the modulation frequency 
OM as well as to the spectral signal element FIOOMO, which represents a DC 
signal and may have a constant offset, at zero times 0*OM the modulation 
5 frequency OM. 

In order to obtain an uncorrupted input-side control signal LI, L2, L12 
despite any parasitic amplitude modulation which may be present, those essentially 
constant components of the spectral signal elements FIOOMl and, possibly, 
FIOOM2, FIOOM3, which are caused by this amphtude modulation can be 

10 subtracted before further processing of these spectral signal elements FIOOMU 
and, possibly, FIOOMl, FIOOM3,... . 

Reduced orthogonality in the received optical signal elements OSl, OS2 
can occur by non-ideal multiplexing at the transmission end, in the transmission- 
end polarization beam splitter PBSS, or as a result of polarization-dependent 

15 attenuation or amplification in the optical waveguide LWL. As shown in Figure 6 
and Figure 7, it is advantageous in cases such as these to provide a further 
controllable polarizing element SUBl, SUB2 in each case, with power splitting 
being provided by means of via a receiver-end power splitter TE, which may be 
part of the further controllable polarizing elements SUBl, SUB2, or may be 

20 upstream of them. In Figure 7, these further controllable polarizing elements 
SUBl, SUB2 are further controllable polarization transformers PTl, PT2. These 
contain in each case one further input-side polarization transformer PMDCl, 
PMDC2, which is designed to be suitable for PMD compensation, and is referred to 
as PMD compensator, which is controlled by^ in each case^ at least one output-side 

25 control signal STWl, STW2, which is designed to control it, and in each case one 
output-side polarization transformer SPTl, SPT2, which is downstream from it in 
the propagation direction of the optical signals OSl, OS2 and is controlled by in 
each case at least one control signal STl, ST2, which is designed to control it. 
Instead of or in addition to these further input-side polarization transformers 

30 PMDCl, PMDC2, which are designed to be suitable for PMD compensation, it is 
possible, upstream of the receiver-end power splitter TE, to use the first input-side 
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polarization transformer PMDC, which is designed to be suitable for PMD 
compensation. These further controllable polarization transformers PTl, PT2 are 
followed by a respective downstream further, first and second fixed polarizing 
element EPBSl, EPBS2, which may be in the form of polarization beam splitters or 
5 polarizers. The further controllable polarizing elements SUBl, SUB2, or parts of 
them, may once again be integrated on the substrates. The input-side polarization 
transformers PMDC, PMDCl, PMDC2 initially may not be present and may 
be replaced by through-links, so that the input EI of the separator/detector SD is 
connected directly to the receiver-end power splitter TE. The polarization 

10 matching processes which are achieved according to the present invention by the 
exemplary embodiment shown in Figure 7 are sketched in Figure 6, for linear 
polarization situations. The received optical signal elements OSl, OS2 are, in this 
example, not polarized orthogonally with respect to one another. The first signal 
component OUTl, with which is transmitted by the first fixed polarizing element 

15 EPBSl, is, however, in this case orthogonal to the second optical signal element 
OS2, and the second signal component OUT2, which is transmitted by the second 
fixed polarizing element EPBS2, is in this case orthogonal to the first optical signal 
element OSl. In order to achieve the settings shown in Figure 6, it is preferable to 
use the refinement of the signal processing module DR shown in Figure 3. 

20 Depending on the way in which the differential phase modulation DPM is 

produced between optical signal elements OSl and OS2, the signal processing 
module DR and, in pmticular, the filters LEDl, LED2, LED12 and the detectors 
DETl, DET2, DET12 may be varied to an even greater extent. Yet, when the 
magnitude of the delay time difference between the optical delay times DTI, DT2 

25 is |dT1-DT2|, the optical frequency modulation FM is not used, and the 
differential phase modulation DPM is produced by natural frequency fluctuations 
of the transmission lasers LA, then the filters LEDl, LED2 LED 12 should be 
designed such that major parts of the resultant interference spectrum, which 
generally extends over a number of MHz, are passed through. If, as is shown in 

30 Figure 1, angle modulators PHMOl, PHM02 or a differential angle modulator 
PHM012 is or are used, and this or these is or are in the form of frequency shifler 
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or differential frequency shifter, or if, as is shown in Figure 2, optical transmitters 
TXl, TX2 at different frequencies are used, then the filters LEDl, LED2, LED 12 
must be matched to the resultant difference frequency FD between the optical 
signal elements OSl and OS2. Acoustooptical Acousto-optical and oloctrooptical 
5 electro-optical components, for example, may be used as frequency shifters or 
differential frequency shifters. As an altemative to this, phase modulators or a 
differential phase modulator may be used as angle modulators PHMOl, PHM02 or 
as a differential angle modulator PHMOl 2, and this or these is or are driven so as 
to produce differential phase modulation DPM, which is at least partially linear as a 

10 function of time, and with the time derivative of the differential modulation phase 
being 2*71 times the frequency difference FD. These are, for example, phase 
modulators based on the Serrodyne principle, with a sawtooth phase shift. 

If the angle modulators PHMOl, PHM02 or the differential angle 
modulator PHMOl 2 are or is in the form of phase modulators or a differential 

15 phase modulator with sinusoidal differential phase modulation DPM, this in 
contrast resuUs in a Bessel spectrum, as in the case of sinusoidal optical frequency 
modulation FM, whose detection has already has been considered further above. 

Finally, signals which are used for checking and, possibly, for slow 
readjustment or deliberate pre-emphasis of the transmission-end polarization 

20 orthogonality, can be obtained by measuring the power levels of the detected 
signals EDI, ED2 or by reading the residual component, which remains despite the 
stabilization of the polarization transformer PT, of the further regulator input signal 
LI 2, which is obtained from the difference between the first detected signal EDI 
and the second detected signal ED2. This allows the transmission system to be 

25 optimized such that, for example, polarization-dependent attenuation in the optical 
waveguide not only does not lead to any crosstalk, but also does not lead to any 
adverse affect on one of the optical signal elements OSl, OS2 in comparison to the 
other. 

' In addition, for example by applying further optical frequency modulation, 
30 or by using natural optical frequency modulation contained in the spectrum of the 
transmission laser LA, for example at a frequency other than the modulation 
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frequency OM, or by evaluation of the regulator signals, it is possible to obtain 
information which, for example, allows adaptive control of the modulation shift 
ETA or of power transmission factors LOMn. 

In an arrangement as shown in Figure 9, it is particularly advantageous to 
5 determine the expected values of a number of moments, or of all the moments, 
SOMl, SOM2, SOMn, SOM12, ... SOMmn that occur in the spectral signal 
elements FIOOMn where n is an integer. Specifically, this allows the modulation 
shift ETA to be calculated. The frequency modulation signal FMS, and hence the 
optical frequency modulation FM can be set on the transmission laser LA by m e ans 
10 ef via a return channel, so as to achieve an optimum signal-to-noise ratio for the 
regulator input signal LI, L2, L12 that is obtained. Slow thermal frequency 
modulation of a transmission laser A that is formed by a semiconductor is suitable, 
for example, as additional frequency modulation to allow the formation of these 
expected values. 

15 Overall, the previous exemplary embodiment of the present invention 

preferably relates to the adjustment of an output-side polarization transformer SPT, 
SPTl, SPT2, which caimot compensate, or can compensate only to a minor extent, 
for any polarization mode dispersion which may occur. The following exemplary 
embodiments of the present invention preferably relate, in contrast, to the 

20 adjustment of an input-side polarization transformer PMDC, PMDCl, PMDC2, 
which is suitable for PMD compensation. The optical complexity is minimized if 
the control signals for the PMD compensator PMDC in Figure 4 or the PMD 
compensators PMDCl and PMDC2 in Figure 7 are derived from the first and 
second detected signal EDI, ED2. This is done, for example, by simple electrical 

25 spectral analysis; attenuation of high-frequency signal components indicates 
uncompensated PMD, and can be avoided by suitable adjustment of an input-side 
polarization transformer PMDC, PMDCl, PMDC2. 

In one advantageous refinem e nt embodiment of the present invention, the 
receiver RX as shown in Figure 10^ may have a fiirther signal processing module 

30 DRW instead of the signal processing module DR or, preferably, in addition to it. 
On the input side, the fiirther signal processing module receives the detected signals 
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EDI, ED2 which are passed to a respective first correlation input EIMEll, 
EIME21 of a correlating element MEl, ME2. The data output signal DD2, DDI, 
which is obtained from the respective other detected signals ED2, EDI, is passed to 
a respective second correlation input EIME12, EIME22 of the correlating elements 

5 MEl, ME2. A further signal EDWl, EDW2, which is in the form of a correlation 
signal and can be processed, is produced by a respective output of the correlating 
element MEl, ME2. These further signals EDWl, EDW2, which can be processed, 
are passed to further filter units FEWl, FEW2, which are designed in the same way 
as the abovcmontioned above-mentioned filter units FEl, FE2, FE12. On the 

10 output side, these filter units FEl, FE2, FE12 emit fiirther input-side control 
signals, LWl, LW2, which are passed to further regulators, RGWl, RGW2, which 
are designed in the same way as the abovementioned regulators RGl, RG2. On the 
output side, these further regulators RGWl, RGW2 emit fixrther control signals, 
STWl, STW2 for controlling the input-side polarization transformers PMDCl, 

15 PMDC2,PMDC. 

The further signal processing module DRW in the receiver RX in Figure 10 
may be in the form of a further variant of the present invention, as shown in Figure 
11. This is preferably possible in situations in which there is only one common 
input-side polarization transformer PMDC. Analogously to Figure 5, an additional 

20 signal EDWl 2, which is in the form of a correlation signal and can be processed, is 
produced from the further signals EDWl, EDW2, which are in the form of 
correlation signals and can be processe d, by moans of via a further subtractor 
SUBEDW. This signal EDWl 2 is passed to a further filter unit FEW12, which 
may be designed in the same way as the filter units FEl, FE2, FE12, FEWl, 

25 FEW2. On the output side, this emits a further input-side control signal LWl 2, 
which is supplied to a further regulator RDW which can be designed in the same 
way as the regulators RGl, RG2, RG, RGl, RG2 and emits the further output-side 
control signal STWl, STW2. The correlating elements MEl, ME2 and the further 
subtractor SUBEDW which is connected to its outputs can be combined to form a 

30 correlating subtraction unit SEW, although this ms^ also may be designed 
differently. 
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Figure 14 shows an example of a different embodiment of the correlating 
subtraction unit SEW. The detected signals EDI, ED2 are subtracted in a further 
subtractor SUBEDW12j which^ in principle^ can be designed in the same way as 
the first subtractor SUBED12 but, owing to the subsequent correlation, should be 
5 designed to have a sufficiently broad bandwidth^ so that a further detected signal 
ED1-ED2 is produced. This is passed to a first input EIMEl of a further 
correlating an element ME12, which can be designed in the same way as the 
correlating elements MEl, ME2. The data output signals DD2, DDI are subtracted 
in an additional subtractor SUBDD21, go that thio ro Q ult o resulting in a further data 

10 output signal DD2-DD1^ which preferably has three values if the data output 
signals DD2, DDI have two values. This further data output signals DD2-DD1 is 
passed to a second input EIME2 of the further correlating element ME 12. At its 
output, the further correlating element ME 12 emits the additional signal EDW12^ 
which is in the form of a correlation signal and can be processed, 

15 The design for a correlating element MEl, ME2, ME12 is shown in Figure 

12. The detected signal EDI, ED2, ED1-ED2, which contains the interference 
INTl, INT2, is passed via the first correlation input EIMEl 1, EIME21, EIMEl to a 
first switching element input EISEl of a switching element SEE which is 
preferably in the form of a multipher. Those components of the interference INTl, 

20 INT2 which are to be added to the polarization mode dispersion are preferably 
produced at the transitions of adjacent information bits in the transmission-end 
modulation signals SDDl, SDD2, to be precise with polarities which depend on the 
direction of these transitions. Thus, in an advantageous refinement of the principle 
according to the present invention, the received and regenerated data output signal 

25 DD2, DDI, which is obtained firom the respective other detected signal ED2, EDI, 
is first of all passed to a spectral forming element SF, via the second correlation 
input EIME12, EIME22. In the case of the further correlating element ME12, the 
further data output signal DD2-DD1 is passed, instead of this, to the corresponding 
second correlation input EIME2. The spectral forming element SF has a further 

30 subtractor SUBME, to whose two inputs the respective data output signal DD2, 
DDI, DD2-DD1 is applied directly, or after being delayed by a delay element DEL. 



At its output, which is also one output of the spectral forming element SF, this 
further subtractor SUBME emits a spectrally formed signal DDSF2, DDSFl, 
DDSF, which is passed to a second switching element input EISE2 of the switching 
element SEE. The spectral forming element SF in this exemplary embodiment 
5 forms, as the spectrally formed signal DDSF2, DDSFl, DDSF at least 
approximately a time derivative of the respective data output signal DD2, DDI, 
DD2-DD1^1 that is to say^ this corresponds to high-pass filtering. The delay 
element DEL may be designed to have a fixed or a variable delay time. A suitable 
delay time is, for example, a short time, for exampl e of such as one bit period or 

10 less of a transmission-end modulation signal SDDl, SDD2, if distortion is intended 
to be detected by moano of via short differential delay times, or longer delay times, 
which are equivalent to or exceed one, or even a number^ of these bit periods, if 
distortion is intended to be detected by mcana of via longer differential delay times. 
Since the respective data output signal DD2, DDI, DD2-DD1 is a digital signal, the 

15 delay element DEL may likewise may operate in a digital manner- in particular^ 
preferably in binary form if the data output signal DD2, DDI is binary. For better 
signal forming, it may, for example, be in the form of a D-flipflop DFF, which is 
controlled by one flank of a clock signal CL which is supphed. A chain comprising 
having a number of D-flipflops is also feasible^ in order to extend the delay time of 

20 the delay element DEL. In the case of a three-value data output signal DD2-DD1 
on the other hand, an analogu e analog version of the delay element DEL is 
preferable^; for example^ in the form of a delay line. Since the data output signal 
DD2, DDI, DD2-DD1 which is supphed to the correlating element MEl, ME2, 
ME12 is obtained from the respective detected signal ED2, EDI, ED1-ED2, ^ it 

25 is generally delayed only by the unavoidable delay time of the digital receiver or 
receivers D2, Dl and, since it is fiirther delayed in the spectral forming element SF, 
in the example in Figure 12 by, on average, half the delay time of the delay element 
DEL, it is normally necessary to carry out a delay time adjustment process between 
the signals arriving at the first switching element input EISEl and the second 

30 switching element input EISE2 of the switching element SEE. This can be done by 
moano of via a further delay element DDEL, which delays the respective detected 
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signal EDI, ED2, ED1-ED2 or preferably before it is passed onto the switching 
element SEE. The switching element SEE, and hence the correlating element MEl, 
ME2, ME12 emits, on the output side, the signal EDWl, EDW2, EDW12, which is 
in the form of a correlation signal and can be processed. 
5 Altemative refin e ments embodiments of the present invention may^^ in each 

case^ have a number of correlating elements for the detection of each of those 
components of the interferences INTl, INT2 which indicates the polarization mode 
dispersion and/or may be spectral forming elements SF in the form of fixed or 
variable high-pass, bandpass or low-pass filters. 

10 One advantageous practical refinement of the correlating element MEl, 

ME2, which is particularly suitable when binary data output signals DD2, DDI are 
present, is shown in Figure 13. The power supply is provided by a supply voltage 
U+. The respective detected signal EDI, ED2 is in differential form. After passing 
through the further delay element DDEL, which, for example, compriGes includes 

15 two delay lines DDELl, DDEL2 of equal length, the signal is passed to two 
differential ampUfiers DFl, DF2, which are connected in parallel, with opposite 
polarities, on the input and output sides. These differential amplifiers DFl, DF2 
ampUfy the respective differential input signal, provided one of two currents II, 12, 
which are produced fi-om preferably identical constant current sources, flows 

20 through them. However, a first switching transistor TTl provides a discharge path 
for the first current II when its base is suppUed with a data output signal DD2, DDI 
/{which requires a positive level for this method of operation here}/ which is 
obtained from the respective other detected signal ED2, EDI. A second switching 
transistor TT2 provides a discharge path for the second current 12, when its base is 

25 supphed with this data output signal DD2, DDI, which was previously delayed in 
the delay element DEL and is obtained from the respective other detected signal 
ED2, EDI of the first and second detected signals EDI, ED2. As the difference 
vohage between preferably identical resistors, Rl, R2, the fiirther signal EDWl, 
EDW2, which is in the form of a correlation signal and can be processed, is 

30 produced as the differential output voltage from the parallel-connected differential 
amphfiers DFl, DF2. A capacitor C, which is fitted between the parallel-connected 



outputs of the differential amplifiers DFl, DF2, is already used as a low-pass filter^ 
which, at least partially, represents the filter LEDl, LED2. In Figure 13, the fiirther 
subtracter SUBME, the switching element SEE and the filter LEDl, LED2 which 
is at least partially formed by the capacitor C cannot be separated fi-om one another, 
5 which advantageously leads to reduced complexity, and the capability to process a 
higher data rate. 

The principle of the present invention can be varied by omitting the spectral 
forming element SF, by the switching element SEE being other than in the form of 
a multiplier, by it [lacuna] having at its second input a signal DDSF2, DDSFl, 

10 which is not obtained, or is obtained not only, from that data output signal DD2, 
DDI which is obtained from the respective other detected signal ED2, EDI, but, 
for example, is also [lacuna] obtained from that data output signal DDI, DD2 
which is obtained from the detected signal EDI, ED2 supplied to the first input of 
the switching element, and/or at least one detected signal EDI, ED2. Such an 

15 example has already has been given by the version of the correlating subtraction 
unit SEW illustrated in Figure 14. 

The example embodiments of the present invention illustrated in Figures 10 
to 14 are based; to the extent described so far, on the data output signals DDI, DD2 
which are taken firom the digital receivers Dl, D2 corresponding to the 

20 transmission-end modulation signals SDDl, SDD2. However, particularly if the 
input-side polarization transformers PMDC, PMDCl, PMDC2 are set incorrectly, it 
is possible for this not to be true^; for example^ because the detected signals EDI, 
ED2 do not on the one hand correspond approximately to the transmission-end 
modulation signals SDDl, SDD2, or because the detected signals EDI, ED2 both 

25 aaeh correspond to that transmission-end modulation signal SDDl, SDD2. In order 
to preclude situations such as this, the further regulator RGWl, RGW2, RGW can 
vary the further output-side control signals STWl, STW2 when cases such as this 
occur such that the input-side polarization transformer or transformers PMDCl, 
PMDC2, PMDC is or are changed to different states. This can also result in the 

30 necessity to^ at the same time^ vary the output-side control signals, STl, ST2 
emitted fi-om the regulators RGl, RG2, RG. This is continued in a systematic or 



random manner until at least one, but preferably both, of the data output signals 
DDI, DD2 obtained from the digital receivers Dl, D2 corresponds or correspond at 
least approximately to the respective transmission-end modulation signals, SDDl, 
SDD2. Altematively^ or in addition to this, ftirther methods can be used for 
5 determining distortion, referred to as PMD distortion, caused by polarization mode 
dispersion. Distortion analyzers DANAl, DANA2, to which the detected signals 
EDI, ED2 are supplied, are provided for this purpose in Figure 10. The distortion 
analyzers DANAl, DANA2 determine, for example by m e ans of via one or more 
high-pass or bandpass filters, spectral components of the detected signals, which 

10 also can be added up^ and can b e passed to the further regulator RGWl, 

RGW2, RGW as^ in each case^ at least one distortion signal SDANAl, SDANA2. 
A reduction in particular in the high-frequency spectral components of the detected 
signals EDI, ED2 indicates incorrect adjustment of the input-side polarization 
transformer or transformers PMDC, PMDCl, PMDC2, so that it or they can be set 

15 by the further regulator RGWl, RGW2, RGW so as to avoid PMD distortion. This 
type of method, which is used here only as an auxiliary method, to compensate for 
polarization mode dispersion is admittedly already known^ in principle, for 
example from European Patent Application EP 0 909 045 A2 and from IEEE J. 
Lightwave Technology, 17 (1999)9, pages 1602-1616; however, the novel feature 

20 here is its application to polarization-multiplexed signals. As soon as at least one, 
but preferably both, of the data output signals DDI, DD2 which are obtained from 
the digital receivers Dl, D2 corresponds or corresponds at least approximately to 
the respective transmission-end modulation signals SDDl, SDD2, the regulator 
RGWl, RGW2, RGW switches over, so that, according to the present invention, 

25 the input-side control signal LWl, LW2, LW, which is likewise supplied to it and 
results from detection of interference BSfTl, INT2, is used to obtain the output-side 
control signal or signals STWl, STW2. 

If a further output-side control signal SDWl, SDW2 changes, the 
polarization transformation of an input-side polarization transformer PMDC, 

30 PMDCl, PMDC2 is changed. This generally also requires readjustment of one of 
the output-side polarization transformers SPT, SPTl, SPT2, In order to carry out 



this readjustment as quickly as possible, the further regulators RGWl, RGW2 in 
Figure 10, and the further regulator RGW in Figure 11, each form an information 
transmission signal ITSl, ITS2, ITS in the further signal processing module DRW. 
In the signal processing module DRW, this signal is^ in each case^ supplied to the 
regulators RGl, RG2 in Figure 3 and to the regulator RG in Figure 5, which 
regulators use these information transmission signals ITSl, ITS2, ITS to change the 
output-side control signals STWl, STW2 emitted by them, in order to readjust the 
output-side polarization transformers SPT, SPTl, SPT2. 

The essence of the present invention is always to detect any interference 
INTl, INT2 which occurs in the two optical signal elements OSl, OS2. The 
present invention is^ therefore^ suitable for all operational situations in which such 
interference INTl, INT2 occurs. This includes the non-retum-to-zero signal 
format, or NRZ for short. It also relates to the retum-to-zero signal format, RZ for 
short, where RZ pulses of the two polarization-multiplexed channels overlap. If 
these occur ahemately, so that there is always one RZ pulse in one chcumel between 
two adjacent RZ pulses in the other channel, there is, however, no interference 
provided the pulse duration is in each case shorter than half the symbol duration. 
Nevertheless, the present invention ean itself can be used usefully in these 
situations, to be precise for controlling a PMD compensator, which produces the 
advantageous, interference-free state. 

Although the present invention has been described with reference to 
specific embodiments, those of skill in the art will recognize that changes may be 
made thereto without departing from the spirit and scope of the invention as set 
forth in the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 

Abstract 

Arrangom e nt and mothod for optical information transmission 
A system and method for optical information transmission, wherein 
In this arrangoment and in th e associated mothod, interference^NTlT 
INT2) , which occurs on the input side for differently polarized optical signal 
elements (OSl, OS2) , between these optical signal elements (OSl, OS2) is detected, 
a control signal (LI, L2, LI 2) is formed from it and is used to control a polarization 
transformer with the downstream fixed polarizing element. 

Figure 3 
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Transmission las e r 



¥M- 



Optical fr e quency modulation 



Fr e qu e ncy modulation signal 



PMG- 



Transmission e nd pow e r 



splitt e r 

M01,M02 



Modulators 



SDDLSDD2 



Transmission end modulation 



10 



signals 

DD1,DD2, DD2 DDI 
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Transmission end polarization 
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Differential angle modulator 



Differential pha se modulation 
Frequency diff e r e nc e 
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TX1,TX2 



Magnitud e of the delay tim e 



Optical transmitters 
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Optical waveguid e 
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Liput 
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30 — Control signals 



LL L2, L12, LWl, LW2, LW12 



STl, ST2, STWl, STW2 
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Output side control s ignals 



Regulator 



ED1,ED2, EDI ED2 Detect e d signal s 

35 EDVl, EDV2, EDV12, EDWl, EDW2> EDW12 Signals which can bo 



process e d 
D1,D2 



Digital receiver 



DR, DRW 



Signal processing modul e 
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Als nachstehend benannter Erfinder erklare ich hiermit As a below nairied inventor, I hereby declare that: 

an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und mains My residence, post office address and citizenship are 

Staatsangehdriglceit den im Nachstehenden nach as stated below next to my name, 

meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dleser 
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wird ftir die Erfindung mit dem Titel: 

Anordnung und Verfahren fur eine 
optische Informationsubertraqung 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Device and method for optical 
transmission of information 



deren Beschreibung 

(zutreffendes ankreuzen) 
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POT internationaie Anmeldung 

PCT Anmeldungsnummer PCT/DEOO/03066 
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S was filed on 05.09,2000 as 

PCT international application 

PCT Application No. PCT/DEOO/03066 

and was amended on 
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dert wurde. 
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contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Information en. die fur die Prufung der vorliegen- 
den Anmeldung in Einktang mit Absatz 37, Bundes- 
gesetzbuch. Paragraph 1.56(a) von Wichtigkert sInd, 
an. 



I acknowledge the duty to disclose information which is 
matenal to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1. 56(a). 



Ich beanspruche hiermit ausl^ndische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
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of the application on which priority is claimed: 
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19942936.7 DE 
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(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingerelcht) Ja Nein 


10017516.3 DE 


10.04.2000 




(Number) (Country) 
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(Tag Monat Jahr eingereicht) Ja Nein 


10019932.1 DE 
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prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefOhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer frUheren 
amerikam'schen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeBordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist. 
erkenne ich gemass Absatz 37. Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der frQheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


1 hereby claim the benefit under Title 35. United States 
Code. §120 of any United States appllcation(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application Is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 


PCT/DEOO/03066 


05.09.2000 


anhanqiq pendina 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D, M. Y) 
(Anmeldedatum T, M, J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgegeben) abandoned) 


(Applicatfon Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D.M.Y) 
(Anmeldedatum T. M; J) 


(Status) (Status) 
(patentiert, anhdngig, (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach melnem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen. und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsStzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zlvilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


1 hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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number) 



Customer No. 29177 
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PATENT TRADEMARK OFFICE 
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VoDer Name des einzigen oder ursprUnglichen Erfinders: 

Prof. REINHOLD NlOE 
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Prof. REINHOLD NOE 
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Residence 
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Citizenship 
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